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LETTER OF TRANSMITTAL, STATE ENGINEER TO CHAIRMAN
OF JOINT LEGISLATIVE COMMITTEE ON

WATER RESOURCES

MR. B. S. C Rl'l'TENDEN, Chuirmun,
Joint Legislative Committee on Water Resources,

Tracy, California.

SU BJ ECT : WATER RESOURCES IN VESTIGATION

SIR: In accordanee with request of your committee there has been
prepared and is being transmitted herewith, a report on certain phases
of the Kennett reservoir, a unit of the " Coordinated Plan" for the
development of the water resources of California . This report, pre
pared under the direction of Mr. Lester S. Ready, consulting engineer,
deals particularly with the method and extent of financing this unit
by revenues from electric power and is based upon estimates set forth
in Bulletin No. 13 entit led " The Development of th e Upper Sacram ento
River, " published by this Division .

In th e preparation of Bulletin No. 13, the basic consideration under
the statute (chapter 477, Statutes of 1925) directing such report, was
that of maximum utilization of th e water resources of the State. The
elect ric power installation was determined in accord with this mandate.
In the following report, however, the consideration is one of economic
immediate installation fr om present commercial viewpoint. Therefor e,
the conelusions of Bulletin No. 13 have been altered somewhat in this
respect. The exact desirable installation can not be accurately stated
until the manner of the disposition of the power is known. 'Whatever
size is decided up on, provision should be made for future enlargement
to that described in Bu lletin No. 13, so that the maximum use of the
water resources may be utilized.

Very truly yours ,

State E ngineer.
.Sacr amento, Califo rn ia, J anuary 4, 1929.





>

LETTER OF TRANSMITTAL, AUTHOR TO STATE ENGINEER

MR. EDWARD HYATT,
State Engineer,

Sacramento, Californi a.
SIR: Submitted her ewith is a report on " Kennett Reservoir Develop

ment, an Analysis of Methods and E.xtent of Financing by Electric
Power Revenue, " prepared in compliance with your request.

Although th e analysis and conclusions are set forth in fairly concise
manner in th e report, matters of outsta nding importance are summa
rized in this letter.

SUBJECT OF REPORT.

The Kennett r eser voir was selected from several considered in the
" Coordinated Plan " of wa ter development in the Sacramento and San
Joaquin valleys as bein g one of the principal units in that plan and in
man y resp ects typ ical of th e various units. 'I'he analysis made, data
submitted and dedu ct ions set for th will bc applicabl e in general t o
oth er units of th e plan with modificati ons, however , fo r operating
characteristics lind geogr ap hic locat ion.

The specific K ennett developmen t cons ide red was that contemplating
a 420-foot dam , a 2,940,000 acr e-foot r eservoir and a power plant of
275,000 kilovolt-am per es (220,000 ki lowatts ) capacity, costing in total
$70,000,000. 'I'he figures for the power plant capacity and total cost
differ from t hose under Bulletin No. 13, " The Developm ent of th e
Upper Sa cramento River," issued by Division of Engin eering and Irri
gation, wher e they are given as 400,000 kilovolt -amperes and $80,000,
000, resp ecti vely. 'I'he power pl an t capacity was reduced to 275,000
kilo volt-amperes aft er a st udy of power values revealed that the latter
was th e more economic commerci al installation under present conditions.
Th e difference in cost is due to this change and to a reduction of interest
rate during construction, from 6 pel' cent to 4.5 per cent.

'I'he development has been analyzed as suggested by you, based upon
the operation of the r eservoir coordinately for:

1. Control of sal ini ty t o Antioch in the delta of t he Sacramento
and San Joaquin rivers.

2. Control of floods on the Sacramento River to 125,000 second
feet maximum, measured at Red Bluff.

3. An irrigation supply for San Joaquin Valley (330,000 acre
fcet per season; 1000 second-feet maximum rate of flow) lind
additional water fo r Sacramento Valley.

4. Generation of power consistent with the primary uses of the
res ervoir as above set forth.

F ive plans of financing suggest ed have been studied, the plans being:

1. Reservoir , dam and power plant financed and operated by
private capital.

2. Reservoir and dam financed and operated by the state; power
plant financed and operated by private capital; use of water for

(7 )



8 KENNETT RESERVOIR DEVELOPMENT

power generation sold by State to private interests financing the
power plant.

3. Reservoir , dam and power plant financed and operated by
State; th e power output wholesaled at th e power plant.

4. Reservoir, dam and power plant and main trunk transmis
sion lin es to important load centers in northern California, financed
and operated by the State; power wholesaled at substations to
politi cal subdivisions and privately-owned public uti liti es.

5. Reservoir, dam and power plant, main trunk transmission
lines and substations, steam standby plants and general secondary
transmission and distr ibution systems financed and operated by the
State; power retailed to the general public.

In each of these plans th e State is to retain cont rol of the operations
of the dam and reservoir in so far as it affects release of water for
salinity or flood control and irrigation supply.

CONCLUSIONS FROM INVESTIGATION. '

Ability of the market to absorb Kennett output.

1. The power market tributary to the Kennett development is that
existing generally north of Stanislau s County within a distance of
approximately 300 miles of Kenn ett.

2. This market requ ir ed the produ ct ion in 1927 of 3,219,000,000
kilowatt hours, and by 1936, the ear liest that Kenn ett may he expected
to be completed, will requir e approxi mately 5,328,000,000 kilowatt
hours annua lly.

3. Over 65 per cent of the t r ibut ary power market is located within
50 miles radius of San Francisco.

4. The t ributary market at present is served through two main sys
terns; one including t he Pacific Gas and El eetric Company and
connecting companies supplying 75 per cent; the other, the Great
West ern Power Company of California supplying 25 per cent of the
requirements.

5. Th e average annual power outpu t. of Kenn ett based upon a plant
installati on of 275,000 kilovolt-amper es is esti mated at 1,217,000,000
kilowatt .hours, varyin g from 990,000,000 to 1,314,000,000 kilowat t.
hours.

6. Th e present development of power in northern California is almost
entirely from hydro-electric plants, st'eam-electr ic plants being used for
standby purposes primarily. .A. greater proportion of the energy
required should be develop ed by steam-electric plants before Kenn ett
is eompleted.

7. The output of Kennett represents the growth of load for t he
entire northern market for 4 years. Approximately 5t years would
be required for the growth of load on the system of the Pacific Gas
and Electric Company and conn ecting companies to absorb the entire
output.

8. W ith coordination of future developments between the State and
the existing agencies, the growth in load prior to the completion of
Kenn et t could be carried by steam-electric plants, thus materiall y reduc
ing the burden of absorption of Kenn ett output.

9. With reasonable cooperation between th e State and the existing
agencies, absorption of Kennett output will present no serio us diffi-
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culties under Plans 1, 2, 3 and 4. The existing ut ilities have met
problems relatively greater than th e absorption of the output of Ken
nett presents. The Pacific Gas and Electric Company in 1925 brought
in its own Pit No. 3 plant and took delivery from the City of San
Francisco and the California-Oregon Power Company , a total repre
senting over 40 per cent of its th en exist ing load. Thi s compares with
Kennett output which represents approximately 25 per cent of the
load that would be tributary in 1936. A similar condition was met
by the Great Western P ower Company in 1921.

Cost of Kennett Develop ment

The estimated cost of Kennett reservoir, dam and power plant is :
Land and Improvem ents f1ooded $22, 882,000]Da m 30,118,000

Total $53,000,000
Povver plant 17 ,000,000

Total $70,0 00,000

4.91

The annual cost of Kennett reservoir , dam and power plant, which
is set forth in detail for Plans 1, 2 and 3, varies depending upon the
basis of treatment of taxes on private capital and amortization of
Statc bonds. Thc limi ts of th c est imated costs ar c as follows:

JIil;1I per
kwh. 0/
output

5.64
5.12

P lan 1. Co mplete pr iva te ownersh ip : Tot al
(a ) I ncluding state taxes $6,861,000
(b) Excluding s ta te taxes ____ ______ ______ _________ 6,231 ,00 0

P lan 2. State ow ne rsh ip of reservo ir and pr iv ate ownersh ip of
powe r plant :

(a ) With 40-year s traight line amortization of state
bonds a nd s tate taxes on private en pl tal-_____ 5,983,000

(b ) With 40-year s inki n g fund a mortization of state'
bonds a nd stat e taxes exc lude d ______________ 4,9 85,000 4.09

Plans 3, 4 a nd 5. State ownership :
(a) W ith 40 year s t raigh t line amortization of bonds 5,668,000 4.66
( b ) W ith 40-y ear sinking fu nd a mo rtiza ti on of bonds 4,652,000 3.82
(e) Excluding bo nd a mo rtlzatlon_ _____ ___________ __ 3,918,000 3.22

Plan 4 will require additional capital for transmission lines and
substations by the State, amounting as a minimum to $9,600,000. 'I'he
added cost assuming wholesalin g of power to the main utilities at a
point near the center of load based 0 11 4 per ccnt sinking fund amorti
zation is est imated at $7 4,000 per annum.

Value of power.

'I'he value of power delivered from Kennett power plant to t rans
mission as indicated by the cost of power from other hyd ro-electric
plants is from 2.7 to 3.3 mills per kilowatt hour of power plant output ;
as indicated by st eam power development, the value is from 3.45 ~o

3.68 mills per kilowatt hour; and as indicated from comparison with
exist ing contracts, approximately 3.45 mills per kilowatt hour.

Revenue from power.

The revenue that may be obta ined from the sale of power output
at Kennett plant may not be expected to exceed $4,250,000 per annum,
and at the terminal of transmission near the Bay district, not to exceed
$5,300,000, or approximately 3.5 and 5 mills per kilowatt hour deliv
ered, respectively. Und er complete control and operation of Kenn ett
reservoir for irrigation the value of power output will be redu ced to
approximately $2,000,000 per annum based upon pla nt delivery .

2-62689



10 KENNETT RESERVOIR DEVELOPMENT

Plan 5.

Plan 5, contemplating distribution of the total power output by the
State, will require duplication of existing systems or condemnation of
at least one-quarter of the distribution systems of northern California
and the added capital expenditure of over $110,000,000.

It is doubtful if this action would assist the State in the carrying of
the costs of Kennett development beyond which would be possible
under Plan 3 or 4.

Other revenue required.

By comparison of the cost of Kennett with the revenue from power
at th e plant of $4,250,000, or to substation delivery of $5,300,000, prob
able maximum, it is apparent that power can not carry much more than
the cost of interest, depreciation and operating expenses of Kennett
even under State development. Other sources of revenue such as State
or Federal aid , sale of water for irrigation or payments by other bene
ficiaries would be needed to cover the full amortization requirements
of Statc honds. 'I'he amonnt of aid required would be minimized by
extending the amortization period of State bonds beyond the period of
forty years assumed in this report.

Very truly yours,

Consulting Engineer.

San F'raneisco, California, October 23, 1928.
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REPORT ON

Kennett Reservoir Development
An Analysis of Methods and Extent of Financing

by Electric Power Revenue

AUTHORITY FOR REPORT.

This repor t is prepared in compliance with request of Mr . Edward
Hyatt, State Engineer , and of the Joint Legislative Committee on
Water Resources for the State of California, that a study and analysis
be made of the financial and economic phases of the proposed Kennett
reservoir.

SUBJECT OF REPORT.

The " Coordinated Plan " for water development in the Sacr amento
and San Joaquin valleys contemplates several lar ge reservoirs for the
storage of wate r for flood and salinity control and ir rigation. Consid
erable electric power can be developed incidental to and in connection
with these reservoirs. The Kennett" reservoir has been selected for
analysis as being one of the principal units of the " Coordinated Plan,"
and typical in many respects of the several units of this plan. The
analysis made, data submitte d and deductions set forth will in general
be applicable to the other units of the plan with modifications, however,
for operating characeristics and geographic locati on.

This study an d report deals with the relat ive value of several plans
of financing the Kennett unit. and the extent to which it can be financed
by revenue from electr ic power that can be generated at the dam.

The analysis is based on the operation of the reservoir coordinately
for:

1. Control of salinity to Antioch in the delta of the Sacramento
and San Joaquin rivers.

2. Control of floods on Sacramento River to 125,000 second-feet
maximum, measured at Red Bluff.

3. I r rigat ion supply for San Joaquin Valley (330,000 acre-feet
per season: 1000 second-feet maximum rate of flow) and additional
water for Sacramento Valley.

4. Generation of power consistent with the primary uses of the
reservoir as above set forth.

Although th e primary purposes of this reservoir ar e for flood and
salinity control and irrigat ion, th e requirement s for irrigation during
the early period of use, apparently, will not seriously interfere with
the power output, which will be relatively lar ge. Therefore, an
important element to be considered in connection with the financial
analysis is the value of the power output and the extent to which it
may carry the financial burden of the development.

Five different plans for the financing of the development have been
suggested for special consideration. In each plan th e State is to retain
control of the operation of the dam and reservoir in so far as it affects

(13)



14 K EN N E'f 'I' RESERVOIR DEVE LOP MENT

the release of water for salinity cont rol, flood cont rol and irrigation
supply for San Joaquin Vall ey.

The five plans suggested are:

1. Reservoir, dam and power plant finan ced and operated by
private -in terests.

2. Reservoir and dam financed and operated by the State. Power
plant finan ced an d operat ed by private interests ; use of water for
power genera t ion sold by State to private int erests finan cing th e
power plant.

3. Reservoir , dam and power plant financ ed and operated by
State; power output wholesaled at th e power plant.

4. Reservoir, dam and power plant, and main trunk transmis
sion lines to important load centers in nor thern California financed
and operated by the State. Power wholesaled at substat ions to
political subdivisions and privately-owned public utilities.

5. Reservoir, dam and power plant, main trunk transmission
lin es, and substations, steam-electr ic standby plants and general
secondary transmission and dist r ibution systems financ ed and
operated by the State. Power retailed to general public,

A modification of Plan 3, considered herein as Plan 3a, has also been
suggested. Thi s plan contemplates the disposition of part of the power
at th e power plant by sale to municipali t ies an d resale companies. It
is suggest ed that the large private power company or companies pur
chasing the bulk of th e power be required under cont ract to act as com
mon carriers transmitting the power for compensation fr om the power
plant to th e respective municipalities or resale companies.

Th e general benefit" to cent ral and north ern California resul ting from
irrigation , flood control an d salinity control, and to San Joaquin Valley
for irriga tion , ar e not considered in this report, the report being limited
primarily to an an alysis of th e financial, economic and engineer ing
phases of the development as affected by th e disposition of power which
may be produced.

SCOPE OF INVESTIGATION.

The investigation carried on in connect ion with this report has
consisted of a study and analysis of the Kennet t developm ent with
reference to annual cost, potential output and eharaeter ist ies of the
power to be produced, both when operated as suggested and when
ultimately operated primarily for irrigation demands. This latter
condition must be given some consideration in order that a clear per
spect ive of th e fu ture finan cial situat ion may be obtain ed.

Study and analysis of th e power market t r ibutary to Kennett and
the present and future abili ty of the market to absorb th e output under
the different plans present ed have been mad e. The value of the power
output has been determined from study of cost of power from other
sources, both st eam-electric and hydro -electric, and the price for power
as indicated by wholesale purchase contracts. The probable power
revenue to be obtained from Kennett has been estimated. An inde
pendent check of the estimated cost of Kennett development as set
forth in Bulletin No. 13, "The Development of the Upper Sacramento
River, " issued by Division of Engineering and Irrigation , has not been
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made. The est imate th erein ha been revised, however , in two particu
lars. Th e in ter est r ate has been reduced 1'0 th e basis of State financing.
The size of the power plan t has heen reduced from 400,000 kilovolt
amperes (the figure used in Bull etin No. 13) to 275,000 kilovolt-amperes.
'I'he latter size would appear th e more economical developm ent, for
th e potential power output as viewed from th e st andpoint of present
and probable future cost of power . Th e basic cons ide rat ions, in th e
prepara tion of Bullet in 1'\0. 13, were th at of maximum utilization of
the water resou rces of the State rath er th an th e most economic power
devc'opment considered herein. No detai led layout of a system for
complete d istribution of power output of Kenn ett has been made. Thi s
mat ter has been an aly zed from a broad consid eration of the problem
and th e determining facto rs involved.

COOPERATION,

In conn ection with th e inv estiga t ion and preparation of this r eport,
I have had the full assistance of th e engineers of the State Division of
Engin eering and I rrigati on under th e direction of Mr . A. D. Edmons
ton , and t he cooperat ion of the Railroad Commission of th e State of
California and its eng inee ring department ; also of Mr. F' . E. Bonner of
the F ederal P ower Commission, and th e power companies and municipal
elect r ic utilities. I wish to express her ein my appreciation of th e
assistance r eceived.

PROPOSED KENNETT DEVELOPMENT.

The Kennet t dam and reservoir as contemplate d in Bulletin No. 13
is to be locat ed on the Sacramento R iver ncar K enn ett, Shasta County,
approximately two hundred miles due north of San Francisco. The
development in cludes a dam , 420 feet in heigh t, a r eservoir of 2,940,000
acr e-feet capacity and a power plan t of 275,000 kilovolt-amperes
capacity with a potential output of 1,217,600,000 kilowatt hours annu
ally. The reservoir will flood 23,000 acres of land. The main line of
th e Southern Pacific Comp any and a portion of th e State highway will
have to be relocated. Th e est imated cost of th e development, including
the dam, reservoir, flood control features and power plan t , is $70,000,000.
This estimate of cost includes interest during construction on basis of
State financing. Th ough un der private developm ent interest rates
would be higher , the analysis for clarity has been based upon equal
capital cost, th e differ ence being within the accuracy of th e est imate.

Th e above covers the developm ent as outlined in Bulletin No. 13,
except as to change in power plant capacity, and is the development
contemplated in Plans 1, 2 and 3 list ed her ein . Under Plan 4, State
construction of a 220,OOO-volt transmission line would be ad ded, and,
under Plan 5, extensive purchase of existing electric transmission an d
distribution systems or duplication thereof would be necessary to dispose
of the -power .

IMPORTANT QUESTIONS INVOLVED.

Following are certain of th e important features to be considered in
the analysis: .

1. The ability of th e elect ri c power market to absorb the output
of the development when completed.

2. The investment and annual cost of the development under
the several plans proposed. .
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3. The value of power and the amount of revenue from power

which may be obtained by the sale of t he output of the K enn et t

development.
4. The effect of th e ultimate operation of the re ervoi r primarily

for irrieation on th e value of power output.

Th e first four of th e five proposed plans of finnncinc Kenn et t involve

in genera l th e . arne condi tion with refer ence to the ability of the

market to ab orb th e power output. Th e power would be delivered to

the main exist ing ag encies. I nvestment costs would be practically the

same in total and th e annual costs and revenues are subject to definite

compari ons. The fifth plan cont cmp lat c. a mat erial departure f rom

the other four and would be subject to . peeia l and sepa ra te consider

ation.
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ABILITY OF POWER MARKET TO ABSORB OUTPUT OF
KENNETT

D ESCRIPTION OF PRESENT POWER DEVELOPMENTS OF THE STATE

A. Ex tent and grouping of systems

'I'he electric power development of the state has experienced a rapid
and steady growth during the past twenty-five years. During this
period, interconnections and consolidations have occurred until at the
present time, the supplying of elect ric power is through four main
networks or groupings of systems. 'I'hese are set forth on Plate I ,
"Electric Power Production and 'I'ransmission Systems in California,
December 31, 1927," which shows the location of the hydro-electric
and steam-electric plants and the main transmission systems in the
State:

System I-Includ es Pa cific Gas and Electric Company and its
subsidiary companies; The California-Oregon Power Company;
Snow Mountain "'Yater and Power Company ; City of San Fran
cisco and Coast Count ies Gas and Electric Company.

This network, extending fr om th e northern boundary of the
State to th e Salinas Vall ey, represents the largest northern system
and has transmission lines nearest Kennett.

System II-Includ es Grea t Western Power Company of Cali
fornia and its alli ed companies, San Joaquin Light and Power
Corporat ion and Midland Counties Public Service Corporation;
also the l\Iodesto and Turlock Irrigation Districts and the Merced
Irrigation District.

System III-Consists mainly of the Southern California Edison
Company, the City of Los An geles and the City of Pasadena.

System IV-Includes Southern Sierras Power Company, Los
Angeles Gas and Electric Corporat ion, and San Diego Consoli
dated Gas and Electric Company, operating in the southern and
eastern portions of th e State, which, although not fully connected
at this t ime, will be a connected system within the near future.

It is to be noted that System I is nearest in distance to the Kennett
reserv oir, which is shown in " black" on Plate I. System II is some
what further south, although the Great Western Power Company serves
a territory generally th e same as that served by the Pacific Gas and
Electric Company and its connecting compani es. Systems III and IV
serve the southern part of the State, the market supplied being from
456 to 600 miles from K ennett. This distance is such that from an
economic sta ndpoint the market served by these companies is not avail
able to absorb the power from Kennett. This is also largely true of
the market served by the San Joaquin Light and Power Corporation.

B. Extent and distrib ut ion of present loa d or power market

Plate II, "Geographic Location of Electric Power Production and
Load in California, 1927," sets forth graphically the locat ion and
extent of the power production and market throughout the State for
the year 1927 as indicated by exist ing utility power plant and substa
tion outputs, respectively. The magnitude of the production by dis-

(17)
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tricts or groups of plants and the load by counties is indicated by
"dots." Each " full dot" represents 25,000,000 kilowatt hours and
each " half dot " an amount less than 25,000,000 kilowat t hours annual
output. The potential output of Kennet t is also delin eated. This plate
indicates where kilowatt hours were produced and where used in 1927.
It docs not show the extent of plan t capac ities . It is to be noted that
the main locati on of power prod uction is along the Sier ra Nevada
Mounta ins from the California-Oregon lin e to t he Kern River , the
larger developments being on the P it , F eath er , . Tuolumne and San
Joaquin rivers. Plates I an d II together indicat e th e general trans
mission of power southward from th e power plants in the Sierra
Nevadas to the power load which centers around San Francisco Bay
for northern California, and Los Ang eles for southern Californ ia, with
general but much less dense use throughout the Sacramento and San
Joaquin valleys. Study of Plate II and the data support ing it indi
cates that in excess of 65 per cent of th e power market of northern
Californ ia is within a radius of fifty miles of San Francisco; also a like
perc entage for southern Californ ia is located within the same radius
of Los Angeles.

DIVISION OF POWER MARKET AND SYSTEMS FOR STUDY
OF PROBLEM.

A general study of th e sources of power in the State, th e systems
and the market ind icates that for th is anal ysis, t he State should be
divided into a nor th ern district, comprising generally that portion
served by System I and the Great Western Power Company of System
II, hereafter referred to as " Northern Group," and a southern dis
t rict. The southern dist r ict comprises that portion of th e State gen
era lly south of Stan islaus County and served by San Joaquin Light
and Power Corporation of System II, and System III an d System IV,
referred to as "Southern Group. "

The two dist r icts or groups are connected for interchange of power
by the transmission line between the Great 'Vestern Power Company
and the San J oaqu in Light and Power Corporation . Thi s tie -line is
available for th e shift ing of power between th e two sections of the State.

Table 1 sets for th by companies the production of power in mil
lions of kilowatt hours and in per cent of the total for the northern
and southern groups, respectiv ely. There is also set forth by com
panies the total subs tation output in millions of kilowatt hours an d in
per cent of the totals for the respective groups, eliminating inter
company deliveries. This represents, measured in substation output,
the power market served directly by the respective companies.

Table 1 also shows for th e Northern Group that System I pro
duced 79 per cent and served directly 75.2 per cent of the entire load
in the Northern District ; for the Southern Group, the San Joaquin
portion of System II produced 18.2 per cent; System III, 66.5 per cent;
and System IV, 15.3 per cent of the total power requirements of the
Southern District. The San Joaquin system directly serves 16.3 per
cent; System III, 67.6 per cent; and System IV, 16.1 per cent of the
market of the Southern District.
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TABL E 1

E lect r ic Power P rod ucti on and S u bsta t ion De live ry by Co mpan ies, 1927
Name of compally Production Su bstation delivery

NORTHERN GROUP. Milllolls of Per cent Ml/Ii ons of Per ce n t
System I . k.ilowatt hours of tota l ki;owatt hours of total

Cal tforrr ta -Or egon Power Co.____ 290 .3 9.0 24.2 0.9
Pac ific Ga s and Electr ic Com pany

and It s subs idiary cornpa nt ea; , 1,624 .6 60.6 1,876.5 72. 2
C ity of San Franc isc o__ ____ ____ 638.4 16.7 0 0
Snow Moun ta in 'Va te rand

Power Co. 63.0 1. 7 11. 9 0.5
Utica Mining Co .___ ___ ________ 19 .0 0.6
Coast Counti es Gas and Elec tricCompany 4.2 0,1 3G.7 1.4
Mel on es Mining Company ____ ___ 4.7 0.1 0 0
W est S ide Lumber Company____ 1. 6 0.1
Truckee River P ower Co ._ ____ __ 7.6 0.2 --i~1 -ii:!

Total , S ystem L__ __________ 2,643.6
System II-a.

Great W estern Power Co. of Cali-fornia 675.4

Tota l, no rthern g ro up _

SOUTHERN GROUP.
System II-b.

San Joaquin L ight and PowerCorpora ti on ,. _
Merced Irrigation Ol s trlct _
Turlock-Mod es to Irrigati on Di s-tr icts _
U. S. N ational Park Servlce _

T otal , Sys tem II-b _

Syst em III.
Southern California Edison Com-pa n y _

City of L os Angel es _
City of P asadena _

'I'o ta }, System 111. _
System I V .

L os Angel es Gas and Elec tric
Corporation • _

Southern S ierras Powe r Co. _
San Diego Consolidated Gas and

Electric Co . _
Yuma P r o j e c t-Unlted States

Reclamation Service _

T ota l, System I V _

Total , southern grou p _

Northern group
So uthern group

Grand total, ent ire State

3,219.0

504 .4
126.6

104 .3
7.7

743 .0

2,419.5
268 .8

31.6

2,719.9

247.1
265.1

109.9

5.2

627 .3

4,090. 2

3,219.0
4,090.2

7,309.2

79.0

21.0

100.0

12.4
3.1

2.5
0.2

18.2

59.1
6.6
0.8

66.6

6.0
6.5

2.7

0.1

15.3

100.0

44
66

100

1,963.4

645.6

2,5 99.0

515.2
o

43 .7

668 .9

1,711.6
661.9
49.4

2, 328 .9

247 .2
178 .1

126.8

662.1

3,439.9

2,699.0
3,4 39.8

6,038.8

76.2

24 .8

100.0

15.0
o
1.3

16.3

49.7
16 .5

1.4

67 .6

7.2
5.2

3.7

16.1

100.0

(3
67

=-==-
100

The following table summarizes for th e state the distribution of pro
ducti on and load among the four systems :

El ect ric P roduction and Load in Californ ia, 1927

Per oent Of total
Su I/st ation

output
32.3
10.7

Production
34 .8

9.2

Millions of
ki ,owa t t hours output

Substa ti on
ou tsrc:
1963.3

646 .6

Product ion
Sys tem I 2643.6
Sys t em II-a___________________ __ _ 676 .4

'l'otal
j

northern group _
System I -b _
System III _
System IV _

Total, sou thern group _

Total State _
4-62689

32 19 .0
743 .0

2719.9
627 .3

4090.2
=
7309.2

2699.0
568 .9

2328.9
562 .1

3439 .9
=

6038.8

44 .0 43.0
10 .2 9.S
37.2 38.6

8.6 9.1--
100.0 100.0
= c-==

66.0 &70
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DISTRIBUTION OF POWER MARKET BY COUNTIES.

Tables 2, 3-A and 3-B, and Plate III, " Dist r ibut ion of Electric
P ower Load by Counties in California, 1927," set forth by counties
the distribution of th e power load throughout the State. These, together
with Plate II, indicate for the market of north ern California that 13.8
per cent of the market is located north of Sacramento County; 18.8
per cent in the counties surrounding Sacramento, including th e moun
tain counties as far south as Tuolumne County; 62.7 per cent in the
Bay counties; and 4.7 per cent in t he counties south of Santa Clara
County. The total substa tion output of this entire part of the State
for 1927 was somewhat in excess of twice th e pot ential development of
Kennett.

138,361
19,858
31 ,523

132 ,809
172,146

20,823
239,016
126,801
685 ,77 5
123,287

16,423
91,031
57,766

131,676
50 ,591
16 ,162

-20~584
68,792
24,306
67, 451
22,236

8, 361
6,899

157,694
18 ,824
56,814
21,683
62 ,313

6,016,561
22,295

6,038,856

Measured by Su bsta t ion

SubstaUon
d eliv ery,

thou sands 0/
County kilowatt hoursOrange _

Pl acer _
P luma s _
Riverside _
Sa cramento _
San Ben ito _
San Bernardino _
San Di ego _
San Franci sco _San J oaquin _
San Luis Obispo _
San ~{ateo _
Santa Barbara _
Santa Clara _
Santa Cruz _
Shasta _
Sierra _
Siskiyou _
Solano _
Son oma _
Stanislaus _
Sutter _
Teh ama _
Trin ity _
Tulare _
Tuolumne _
Ventura _
Yolo _
Yuba _

Total-Subs tation delivery by countles _
Not se gregated- Sou ther n Cali fornia E di so n Co., Interdepartmental.,.,

E nt ire State _

TABLE 2
Ca liforn ia Electr ic Power Lo ad or Ma rket by Co unt ies

De liv ery, 1927
Su bstation

delh lll1"1l,
thousands 0/

County kilowatt hours
Alameda 449, 920
Alpine _ _
Amador 22,846
Butte 35,516
Calavera s 12,802
Colusa 20,175
Contra Costa 244,397
De l Norte _ _
E l Dorado 2,449
Fresno 171,886
Glenn 21,161
Humboldt 14 ,451
ImperIal 40,257
Jnyo 8,188
K ern 256,869
KI ngs , 43,863
Lake _
La ssen _
Los Angeles _
~{adera _
~{arln _
xtartposa _
~{endoclno _
Merced _
~Iodo c _
~ono _
Mont er ey _l'1apa _
l'1evada _

GROWTH OF POWER LOAD.
Plate IV, "Electric Power Installation in California, 1911-1927,"

sets forth for the northern and southern groups and for the entire
State, the growth in power developed by plant capa citi es, both hydro
electric and steam- electric, for the period 1911 to 1927. It is to be
noted that in the Northern Group, up to the present time, the amount
of hydro-electric capacity in per cent of total is considerably gr eater
than in the Southern Group. Table 4 sets forth stat ist ically th e
data indicated in Plate IV,

Plate V, "Electric Power Production in California, 1913-1927,"
presents for the period 1913 to 1927 and for the two groups and the
State, the power output by months in thousands of kilowatts (aver age)
for steam-electric and hydro-electric plants, respectiv ely. The fluctua
tion in st eam-electric production should be noted, as the amount is an
important factor in the absorption of new hydro-electric developments.
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5,535

-4~884
33,901
19,858
31,523
16,162

2-0~584
24,306
22,236

8,351
6,899

21,683
52,313

This fluctuat ion has occurred pa rtly on account of var iation of hydro
electr ic power producti on between wet and dry years and partly as a
result of the bringing in of ncw hydro-electric plants. The heavy
demand for steam-electric powcr as a result of the 1924 drought is
clearly indicated. The mater ial reduction in steam-electric power in
the northern part of the Statc in the past three years has been the
resul t mainly of bringing in three large hydro-electric projects in
1925; Copco No.2 of The California-Oregon Power Company, Pit No.
3 of the P acific Gas and Electric Company, and Moccasin Creek plant
of the City of San Francisco. The result of br inging in these three
developments, having an annual output of approximately 1,000,000,000
kilowatt hours, has been to reduce the steam-electric power production
to less than 1 per cent of the total and to create a condition of t em
porary oversupply,

TABLE 3·A
S u bstation De live ry by Co u nt ies Gro uped Ge og raph ically

(District Served by N orthern Group or Companies)
Su bstation dellv er ll

Ooun tll Thousands 0/ Per cent 0/ tota l
DISTRICT 1. kilowatt hours f10rthern oro up

g~~~~o~~i::::::::::::::::::::::::::::::::::::::: ~~!~!Glenn 21,161

~~b~I~:__::::::::::::::=::=::::=:::==::==::=:== 14,451!ALssen _
Mendocino _
Modoc _
Napa _
N eva da _
Pla cer _
P lumas _
Shasta _
Sierra _
SlskJyou _
Sonoma _
Su tter _
Tehama _
Trinity _
Yolo _
Yuba _

To tal, District L _

DISTRICT 2.Alpine _
Amador _
Calaveras _
EI Dorado _
Sacramento _
San Joa q ui n _
Solano _
Sta nisla us _
T uolum ne _

To tal, D is tr ict 2 _

DISTRICT 3.Alameda _
Contra Costa _
Marin _
Santa Clara _
San F rancisco _
San !!a teo _

Total, D is t r ict 3 _

DISTRICT 4.
Monter ey --
Sa n Ben ito _
Santa Cruz • _

T otal, D is t r ict 4 _

Total Northern Californla _

359,538

f2~846
12,802

2,449
172,146
123,287

68,792
67,451
18,824

488 ,597

449,920
244,397

32,073
131,575
685,775
· 91,031

1,634,771

50,271
20,823
6'0,591

121,885

2,604,591

13.8

18 .8

82.7

4.7
=
100.0



22 KENNETT RESERVOIR DEVELOPMENT

TABLE 3-B

Substation Delivery by Counties Grouped Geographically
(District Served by Southern Group of Companies)

. Su batation d elivery
Thousands 0/ Per cent 0/ toted

kilowatt hours southern groupOountv
DISTRICT 1.Fresno _

Inyo _
Kern _
Kings _
Madera _
Mariposa _
Merced _
Mono _
San Luis Oblspo _
Santa Barbara _
Tulare • _

Total, District 1 _

DISTRICT 2.Los Jlngeles _
Orange _
"entura _

Total, District 2 _

DISTRICT 3.Imperial _
Riverside _
San Bernardino _
San Diego _

Total, District 3 _

171,886
8,188

266,869
43,863
33,467

3.000
69,341

1-6:423
67.766

167,694

818 ,486

1,869,426
138 .361

66,814

2.064.601

40,267
132 .809
239,016
126,801

638.883

24.0

60.2

16.8=
Total So ut h S a n J oaq Uin Va lley and south-

e rn Ca lifo rn ia 3,411,970 100.0
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SIERRA
MONO
MODOC
LASSEN
LAKE
DEL NORTE
A LPI NE
EL DORADO
MAR IPOSA
NAPA
MENDOCINO
TRINITY
INYO
TEHAMA
CALAVERAS
H U M B OLDT
SHASTA
SAN LUI S OBISPO
T UOLUMNE
PLACER
COLUSA
SISKIYOU
SAN BENITO
GLENN
YOLO
SUTTER
AMADOR
SONOMA
PLUMAS
MARI N
MAD ERA
NEVADA
BUTTE
I MPERIA L
KINGS
MONTEREY
SANTA CRUZ.
YU B A
VEN T URA
SAN TA BARBARA
STA N I SLA US
SOLANO
MERCED
SAN MATEO

SAN JOAQUIN
SA N DIEGO
SANTA CLARA
RIVERSIDE
ORANGE
TULA RE
f R E S N O
SACRAM EN TO

SAN BERNARD INO
CONT RA COSTA
KERN

ALAMEDA
SAN f RAN CISCO

23
PLATE m.

DISTRIBUTION OF ELECTRIC PoWER LOAD
By COUNTIES
IN CALIFOR N IA

1927
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PLATE N.
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TABLE 4 I1'l
Electric Power Installation In California, December 31 of each year, 1911-1927 l:'j

NORTHERN GROUP SOUTHERN GROUP EN TIRE STATE Z
Hydro-electric Steam· electric Totll elect r ic Hydro· electrle Steam-electric Total electric H1dro-el ectrle Steam -el ectrle Total el ectr ic Z

Insta llat ion Install ati on in stall ati on Insta lla tio n Installatio n installati on Insta llation in stallati on Ioltillatioll l:'j

Year k.l.a k.v .• k.v.a, k.v.a. t .Y. a. t .Y.• , k.v.a . k.v .•. t .Y.• . "'l
1911____________________

196,795 94, 575 291,370 85,586 69,677 155,162 282,380 164,152 446,632 "'l
1912____________________

202,795 126 ,67 5 329,370 85,685 79,977 16 5,562 288 ,380 206 ,552 494,932 :ll1913____________________
226 ,795 121,375 348,170 167,835 130,217 298,052 394,630 251,592 646,222 gJ1914____________________
239,2 95 136,375 375 ,670 173,835 166,967 340, 802 413 ,130 303,342 716,412 l:'j1915 ____________________
241,170 141,675 382 ,845 174,435 166.367 340 ,802 41 5,605 308,042 723,6 7 :ll1916____________________
26 8,475 132,950 401,425 179,935 166,212 346,147 448,410 299,162 747,572 <:1917____________________
286 ,725 141,950 428,675 236,616 168,946 405,562 523,341 310,896 834,237 01918____________________
302,075 141 ,810 443 ,885 236,616 168,946 403,562 538,691 310,756 849,447 sa1919____________________
300,575 156,810 457,385 241,466 168,547 410,013 542,041 325 ,357 867,398 01920____________________
301,725 156,810 458,536 320,066 183,647 503 ,713 621,791 340,457 962,248 l:'j1921____________________
378,822 169 ,310 548,132 409,916 216,097 626,013 788,738 385 ,407 1,174,145 <:1922____________________
472,872 169,810 642,182 417,666 248,247 665,913 890 ,538 417,657 1,308,095 l:'j1923____________________
471 ,972 175,200 647,172 551,824 288,697 840 ,521 1,023,796 463,897 1,487,693 r-

01924____________________
527,320 187,625 714,945 577,824 432,097 1,009,921 1,105,144 619,722 1,724,866 '1l1925____ ________________
71 8,320 187,625 905 ,945 627,324 467,645 1,094,969 1,345,644 655,270 2,000,914 ~1926____________________
720,820 187,625 908 ,445 661,074 522,245 1,183,319 1,381,894 709,870 2,091,764 l:'j1927____________________
744,445 187,625 932,070 699,024 540,995 • 1,240,019 1,443,469 728,620 2,172,089 Z

"'l
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'I'able 5 sets forth' by years the production of power, both hydro
electric and steam-electric in millions of kilowatt hours for the years
1913 to 1927. The figures include a relatively small produc tion of
power by plants of th e California-Oregon Power Company and the
'l'ruckee River Power Company outside the State.

TABL E 5
Elect r ic P owe r P roduct ion in Ca liforn ia, 191~1927

Annual pow cr plant output in millions 01
k i.owatt hours Steam-electric

Year in per cent
Hlidro-electrlc Steam-electric T otal 01 total

Northern group ·
1913 --- --------------------- 852 266 1118 23.8
1914 ------------------------ 1028 146 1174 12.4
1915 -- ---------------------- 1072 220 1292 17.0
1916 ------------------------ 1219 208 1427 14.6
1917 ------------------------ 1332 242 1574 15.4
1918 ------------------------ 1350 386 1736 2%.%
1919 -- ---------------------- 1343 473 1816 26.0
1920 ------ ------ ------------ 1409 576 1985 29.0
1921 ------------------------ 1719 253 1972 12.8
1922 ------------------------ 1905 268 2173 12.3
1923 ----------- ------------- 2118 302 2420 12.5
1924 ------------------------ 1833 812 2645 30.7
1925 ------------------- ----- 2721 162 2883 5.6
1926 --------- --------------- 3102 130 3232 5.0
192 7 ----------- ------------- 3266 32 3298 1.0

Southern group
1913 ------------------------ 439 414 853 48.5
1914 --------------------- --- 858 173 1031 16.8
1915 ------------------------ 911 170 1081 15.7
1916 ------------------------ 894 137 1031 13.3
1917 ------------------------ 930 242 1172 20.6
1918 ------------------------ 1014 319 1333 23.9
1919 ------------ ------------ 994 491 1485 33.1
1920 ------------------------ 1163 543 1706 21.8
1921 ------------------------ 1485 449 1934 13.2
1922 ------------------------ 1886 287 2173 13.2
1923 -------------------- ---- 1995 627 2622 13.9
1924 ------------------------ 1335 1561 2896 53.5
1925 ------------------------ 2462 836 3298 25.3
1926 ------------------------ 2571 1091 3668 29.7
1927 ------------------------ 3443 644 4087 15.8

Entire S tate·
1913 -------- ---------------- 1291 680 1971 34.5
1914 ---------------------- -- 1886 319 2205 14.5
1915 ------------ ------------ 1983 390 2373 16.4
1916 ------------------------ 2113 345 2458 14.0
1917 ------------------------ 2262 484 2746 17.6
1918 ------------------- ----- 2364 705 3069 23.0
1919 ------------------------ 2337 964 3301 29.2
1920 ------------------------ 2572 1119 3691 30.3
1921 ------------------------ 3204 702 3906 18.0
1922 ---------- -------------- 3791 555 4346 12.8
1923 ------------------------ 4113 929 5042 18.4
1924 ------------------------ 3168 2373 5541 42.8
1925 ------------------------ 5183 998 6181 16.1
1926 ------------------------ 5679 1221 6900 17.7
1927 ------------------------ 6709 676 7385 9.2

• Limited prod uction ou ts ide ot State Included.

ESTIMATED FUTURE GROWTH OF POWER REQUIREMENT~.

An importan t factor in determining the ability of the market to
absorb the output of the Kennett development is the extent of the
market an d the rate of growth, especially j ust pr ior to and following
the completion of such a plant.

Numerous estimates have been made of the future growth of power
in the State of California. The past growth in northern Califo rnia
has been steady, though not as rapid as in southern Califo rnia. There
has been apparently some slowing up of the growth in southern Cali
fornia during the past few years. Studies of estimates of growth of
power requir ements prepared by 1\11'. F. E. Bonner of the F ederal
Po wer Commission, together with other analyses of past and estimated
fu ture growth, have been made in connection with this report. The
resultant conclusions are set for th in Plate VI , " P ast and Estimated

5-62689
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Future Growth of Electric Power Production in California, 1913
1950," and in Table 6 for th e two sections of the State. The past
growth of power in northern California has been at a compound rate
approximating 8 per cent. The estimate s herein , however, contemplate
the future growth at a reducing percentage, ranging from approxi
mately 7 per cent in 1928, to as low as 4 per cent about 1950.

DATE OF BRINGING IN KENNETT.

The date of completion of Kennett development will have an impor
tant bearing on th e ability of the market to absorb its potential power
output. The construction program conte mplates a period of four and
one-half years for completion. Allowing for prelimina ries and financ
ing, it may be conclud ed that the earliest tim e for bringing in this
development would be 1935. For the purposes of thi s discussion, how
ever, completion by 1936 has been assumed. Should th e complet ion
occur at a later da te, the market could more readil y absorb th e power
output.

POWER OUTPUT OF KENNETT.

'I'he power output of Kenn ett, when opera ted for flood and salini ty
control, and limited irr igati on, is estimated at an average of 1,217,600,
000 kilowatt hours annually. 'I'his output is based on a 275,000 kilo
volt-ampere plant opera ti ng at 80 per cent power facto r and with an
output equivalent to approximat ely 70 per cent plant load factor.

TABLE 6

Estimated Future Power Requirement, 1927-1950
(Power P lan t Ou tput)

Northern Gr oup , Southern Group, Ell t /" e Sta le .
millions 0/ millions 0/ millions of

Year k ilowatt hOIll's k ilowa l t hours kilowa t t ho u rs1927 3,2 19 4,090 7,309
1928 3, 433 4,572 8, 005
1929 - -___ 3,6 68 5,05 4 8,722
1930 3,9 19 5, 492 9,411
1931 4,1 25 6, 011. 7 10,142
1932 4,34 3 6,499 10 ,842
19 33 4,570 6,9 81 11,551
1934 4,811 7, 507 12,318
1935 5,0 63 8,03 2 13,095
1836 5, 328 8,470 13,798
1987 5,606 8,908 14 ,514
1938 5,897 9,346 15, 243
U39 6,205 9,740 15 ,945
1940 6,5 39 10 ,17 8 16,717
1941 6,806 10,573 17 ,379
1942 7,083 10,92 3 18,006
1943 7,372 11,273 18,645
19H 7,6 73 11,624 19,297
1945 7,984 11 ,9 30 19,914
1946 8,31 0 12,23 7 20, 547
1947 8,6 47 12,587 21, 234
1948 8, 99 7 12 ,938 21 ,9 35
194 9 9,36 2 13,201 22 ,563
1950 9,72 8 13,551 23, 279

These bases of estimates ar e somewhat conservative. The output un der
the conditions as set forth will vary from a minimum of 990,400,000
kilowatt hours to a maximum of 1,314,000,000 kilowatt hours annually.
Tabl e 7 sets forth the estimated output which could have been
developed under the water supply conditions of 1896-1927 had Kennett
been installed, The relative variation of output both annually and
monthly, compared with other typical plants , is presented graphically
on Plate VII, "Variation of Annual and Monthly Power Output of
Kennett Reservoir Compared with Typical Hydro-electric Plants."
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The Kennett output for the minimum year has been estimated to
meet the normal variation of power demand on the main power systems
and is under these 'condit ions more valuable than that from the other
plants. Although shown as .uniform throughout the maximum year,
the output could be varied to follow more closely the power demand.

The output characteristi cs under condition of pract ically complete
control for irrigation, which will ultimately occur, ar e very different
and will materially reduce the value of the power available. An esti
mate of the conditions under such control based on a use of water to
the level of two hundred feet above the stream bed indicat es an average
annual output of 767,000,000 kilowa tt hours with a variation in output
from 46 per cent to 138 per cent of the average. Unless such a limit
on the minimum head is provided much less power could be produced
in the dry years and the value of the out put would be materially
reduced.

---------------------------------- --------------------------
------------------------------------------------------------
----------------------------------- -------------------------

TABLE 7

Est imated Power Output, Kennett Reservo ir-420 foot da m
Operated for F lood Control, Saline Control and an Irrigation Supply to San

Joaquin Valley.
Ins talled Ca pacity of Plant, 216 ,000 k .v.a , P ower Factor = 0.80 . Load Factor = 0.76

Pow er ou tpu t
in millions 0/

kilowat t hours
1310.1
1287.9
1074.7
1104.0
1242.9
1192.6
1288.6
12 62.6
1314.0
1288.6
1314.0
1314.0
1291.2
1314.0
12 83 .8
1308.7
1240.0
1229.7
1314.0
1314.0
1314.0
1216.8
109 8.6
11 86.3
1064.6
1227.7
1208.0
1031.7
1036.4

990 .4
1049.6
1271.6

Y ear
1895
1897
1898
18 99
1900
19 01
1902
1903
1904
1906
1906
1907
1908
n09
1910
1911
191 2
1913
1914
1916
1916
1917
1918
1919
1920
1921
1922
1.923
:i"924
1926
1926
1927

Ave ra ge : 1896-1927 1217.6
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PLATE VII.
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MARKET AVAILABLE AT TIME OF COMPLETION.

Upon completion of Kennett, assumed as occurring in 1936, its power
output of 1,217,600,000 kilowatt hours annually would be entering the
market of northern California, estimated as requiring the produetion
of 5,328,000,000 kilowatt hours annually. The demands of the territory
at that time must and will be full y served by existing agencies. These
agencies are at present grouped in two syst ems, one supplying approxi-

.mately 75 per cent, and the other 25 per cent of the market. 'l'he
market will face the absorption of an added supply of approximately
23 per cent of the th en exist ing production, assuming complete coordina
tion of the existing agencies. If the larger of the two systems is to
absorb the output it will fa ce the absorp tion of 31 per cent added
supply.

The estimated growth of the market of northern California during
the period 1935 to 1940 is at a rate of approximately 300,000,000 kilo
watt hours per annum or one-fourth of the total estimated output of
Kennett. The market will t ake, th erefore, from four to five years for
the growth of load to absorb th e entire output, depending upon the
extent of cooperation and coordinat ion obtained.

IMPORTANCE OF COORDINATED DEVELOPMENT.

From a standpoint of economic absorption of power output, such as
Kenn ett, th e amount of steam-electric power produced at the time of
completion of the project is important.

It is economic, also the general pract ice of utilities in bringing in
any large hydro-electric plant, to carry the growth of load for one or
two years prior th ereto on stea m-elect r ic plants so that a considerable
load may be immediately shifted to the hydro-electric plants and thus
reduce expenses as fixed charges ar e in creased. At present the most
economic balance between hyd ro-electric and steam-electric power pro
duction does not exist, th ere being too small a percentage of steam
electric power produced.

The Pacific Gas and Electric Company has under construction added
power plants on the Mokelumne River and plans for development on
the Bear and Pit rivers in addition to st eam-electric plants. Further
development on th e F eather River by the Great Western Power Com
pany may be expected as needed by that system. Other private and
public enterprises are urging developments on other streams so that,
at present, the t endency is toward further development of hydro-electric
plants where a more economic procedure would be to meet the growth
of load by steam-electric power installation . It is, therefore, important
that, through cooperation with th e agencies serving the public, their
developments be coordinated to make possible the ready absorption of
Kennett power output if it is to be wholesaled to them, otherwise the
output of K enn ett would enter a market not ready for the absorption
of such a large added production.

Und er Plans 1, 2, 3, and in general , Plan 4, as suggested for consid
eration, the entire market of northern California tributary to Kennett
power may be consid ered available for absorption of the output through
the system of th e existing utility agencies. 'I'hese agencies, through the
extent and div ersity of their load, have developed a market fully inter
connected through their systems with a load factor in excess of 60 per
cent and a flexibili ty such that the power output coald be readily
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I.

absorbed. If definite obligations for sale and purchase are entered

into, under Plans 2, 3 and 4, other developments may be adjusted

sufficiently in advance to make possible a minimum period of absorp

tion. Much more extreme problems have been faced and overcome in

the past than are presented by Kennett. In 1921, the Great Western

Powcr Company brought in on its own system the first units of the

Caribou development, the output of which represented in excess of 40

per cent of the th en existing load on that system. In 1925, the Pacific

Gas and Electric Company completed its Pit No. 3 plant, commenced

the purchase of additional power from the California-Oregon Power

Company and the City of San Francisco, the total amount exceeding

40 per cent of its then existing load. Kennett output will represent

from 23 per cent to 31 per cent of the load at the time it is available.

With reasonable coordination and cooperation between this develop

ment and existing agencies no serious difficulty should arise in the

absorption of power produced by Kennett development.

The problem of obtaining a market for the output of Kennett plant

were the market to be developed through state-owned and operated

distribution systems as suggested in Plan 5, is one to be considered

separately.



COST OF KENNETT DEVELOPMENT

INVESTMENT COST.

The cost of the Kennett development (420 foot dam, 2,940,000 acre
foot reservoir ) was estimated in Bulletin No. 13, " The Development
of the Upper Sacramento River ," at $80,000,000. That est imate was
prepared on the basis of a power plant capacity of 400,000 kilovolt
amperes an d with in terest during const ruct ion at a rate of 6 per cent
per annum. In this r eport th e power v lant capa city has been taken
at 275,000 kilovolt-amperes as explained on page 15 of this report, and
the inter est rate reduced to a State financing basis of 41 per cent.
Wi th th ese revisions th e estimated cost is $70,000,000. This covers pur
chase of r eservoir site an d removal to new location of the Southern
Pacific Company t ra cks and a part of th e State highway that would be
submerged, construction of th e dam and a 275,000 kilovolt -ampere
power plant. The total cost is divided as follows :

Lands and Improvements ftood ed $22,882,000
Da m and a ppurten ances 30,11 8,000

, Total res ervoir and dam $53,000 ,000
P ow er plant 17,000,000

Total development $70,000,000

.3

1.05

1.05

1.05

.3

2.5

1.0 5

.3

Kennett Reservoir and Power Plant
Priva te State ownersMp

ownersMp Straight Sinking
line l und Exolud ed
4.5 4.5 4.5

B ond amorti za tion basis
Return or in terest per ce n t of ca p itaL______ 7.5
Amortization of sta te bonds-40 yea r ba s is,per cent of capltaL _
Depreciation:

Land and Improvements, per ce n t of ca p ital
Dam a nd a ppurtenances , per cen t of capit al
P owe r plant, 40 yea r ba s is , per cen t ofcapital . .65

Taxes:
State, per cent of caplt aL____________ ___ 1.35
Federal, per cent of ca pl ta L __________ ___ .40

Operating expense and maintenance, { $200 ,000 per a nn um for dam and reservoir.
both private and sta te ownershlp______ $300,000 per a nn um for power plant.

AN~UAL. COST OF KENNETT DEVELOPMENT.

The annual cost of Kennett development (reservoir, dam an d power
plant) will vary in th e first three of th e five plans of finan cing sug
gested, owing to differences in costs between private and state owner
ship and finan cing. The annual cost of this development will be the
same under Plans 3, 4 and 5, as each contemplates complete State
ownership of the reservoir, dam and power plant. The annual cost s
are fully set for th in Tabl e 8 and ar e based on the following un its:

Basis of Estimated Annual Cost

Return on private investm ent is that at present generally est imated
as fair for large electric projects such as Kenn ett. 'I'he interest ra te of
4.5 per cent for State investment is slightly above th e present cost.
Amortization is assumed on a basis of a forty-year period commencing
ten years after dat e of issue of bonds. Thi s period is within the legal
limit for State bonds (seventy-five years) . Ten years for construction
and loading of power plant prior to commencement of amortizat ion ar e
allowed for . Estimated costs un der straight line amort ization show
the maximum annual char ges with State development. A 4 per cent
sinking fund amor tizati on is included in th e table in order to set forth
the approximate average annual cost during the forty-year amortiza
tion period. The estimate , excluding amor tization, sets for th th e cost

(34,)
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Includln~ . tat.
and federal

tale s (base d
on In rare
tar rate )

T AB LE !l
Kennett Re se rvo ir

Plan I
Private development

17, 000,000

Capital

$53,000,000

Est im ated Annual Cost

Dhillon
Reservoir and dam _

Interest or r eturn _
Amortization _
Depreciation _State tax _
Federal tax _
Operation and ma ln tena nc e _

Totals, reservoir and dam _
Power plant _

Interest or returll- _
Amortization _
Deprec ia ti on _
State tax _
Federal tax _
Operati on a nd ma in t enance _

T otals, pow er plant _

Reser voir, dam a nd po wer plant:Interest or return _
Amortization _
Depreciation _
State tax _
F edera l tax _
Operation a nd ma ln ten a nce _

Total., reservoir, dam and power plant__ $70,000,000
Total cost In per cent ot eaplta.l _
Total cos t per kilowa t t hour produced l ,217,600,OOO kwh.

• Estimated costs under straight line a mortization r epres ent maxi mu m mo ney r equ irem ents which occur In first year ot amortization
period.
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during the first years; also the estimated carrying cost of the develop

ment, excluding retirement of cap ital.
The length of bond amortization might be increased to a sixty or

sixty-five year period under the legal limitation and thus reduce the

annual outlay. The table, however, indicates th e limits between which

the results, based on oth er assumptions, will fall. No depreciation has

been assumed on lands or improvements removed. A minimum of 0.3

per cent has been included on the dam and ap purtenances to cover con

tingencies and minor replacement s. Depreciation on the power plant

is estimated on forty years' life on a 6 per cent sinking fund for

private and 4 per cent sinking f und for State ownership.

Operating and maintenance expenses are est imated to cover not only

local but also general expenses and are somewhat higher than a study

of expenses of th e larger developments of th e State would indicat e in

order to cover possible contin gencies.
The table sets forth the estimated cost under private ownership of

capital with and without Sta te taxes. Under the present method of

taxing electric utilities a private utility would pay th e same State tax

were it to purchase th e power wholesale from the State as it would if

the plant were constructed and owned by it , th e tax being determined

as a per cent of the total gross revenue of the utility. For comparison

with costs of other power, th erefore, the cost has been estimated exclud

ing State taxes. The present State tax rate is 7.5 pel' cent of the gross

revenu e. Assuming revenu e would equal total cost the resultant tax

rate would be seventy-two hundredths of 1 per cent of the capital under

Plan 1. This basis can hardly be expected to continue ind efinitely.

The rate of 1.35 per cent of capital is based on th e average tax rate on

general property now existing over th e State equated to a per cent of

capital cost. No State tax is est imated on th e capital representing lands

and improvements as th e great er part of this cost represents cost of

relocation of the railroad and highway and would not represent power

company property.

COST OF TRANSMISSION.

Plan 4 contemplates const ruction and opera tion of t runk transmis

sion lines to the important load centers of northern California, power

to be wholesaled to poli tical subdivisions and private u tilities.

As indicated in Plate II and Tables 2, 3-A and 3-B, over 65

per cent of the market is located within a radius of 50 miles of San

Francisco. From Table 1, it is to be noted that at present 94 per

cent of the power is served directly by two companies. Further data

show that within the Sacramento Vall ey and the San Francisco Bay

region less than 2 per cent of the power is distributed by municipal

systems, only one individual system distributing over 0.5 of 1 per

cent of the existing load. These systems are scattered from Redding

on the north to Santa Clara on the south . This does not include the

Modesto and Turlock districts which produce their own power and

would require only standby service.
Transmission of such a large amount of power as Kennett output

will require as a minimum, a doubl e circuit 220,000 volt transmission

line to the main load center in the Bay district.
It is apparent from an engineering consid eration of the data that

outside of the two main companies there are at present no municipal
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or private resale systems of sufficient size or advantageous location to
take power economically from the main trunk transmission line. Should
another system develop which could avail itself of the purchase of
power wholesale it must be assumed that the revenue to be received
would justify the add ed capital expenditure. At present only two
agencies of sufficient size to utilize the output of Kennett exist: one,
the Pacific Gas and Electric Company; the other, the Great Western
Power Company of California. If transmission of power by the State
is contemplated the logical terminal of the transmission line would be
in the general vicini ty of Antioch, Contra Costa County, practically
two hundred miles' transmission distance from Kennett, Both com
panies have important substations and transmission lines in this loca
tion which is near the cente r of load.

The cost of transmission per kilowatt hour will vary materially ,
depending on the plan of operation and whether adequate standby
service against interruption is cont emplated. By wholesaling the
output to these two agencies the cost to the State will be reduced to a
minimum. Under such delivery the transmission line can be limited to
two circuits and one substat ion as the purchasing systems with thei r
steam-electr ic and hydro-electric plants and extensive transmission net
works will be adequate in size to take care of interruptions without
detriment to the public service .

If the State contemplates delivery of power comparable in continuity
to that now delivered by existing utilities an additional transmission
line and steam-electric standby plant would be required in excess of
that herein estimated.

Table 9 sets forth the estimated investment and annual cost to
the State and to a private utility to t ransmit Kennett power to t he
load center wholesaling it to the existing agencies. This represents the
minimum capital and annual cost requirements for transmission.

TABLE'
Cost of Transm is s ion of Kennett Power, Kennett to Ant ioch

I nvestm en t Cost
Transmission li ne-200 miles double circuit tower line $6,000.000
R ec eiving subs tation , 200 ,000 kilow a tt capacl ty ______ ______ _____________ 3.600.000

T otal $9.600.000

P ower d eliVered 88% of 1,217,600.000 kilowatt hours = 1,070,000.000 kilowatt
hours.

Basis 01 Annual Cost
P er ce nt of Capital

Interest or return _
Am or tl za t lon- 40 years _
Depreciation _
~raln tenance and op erating expen se, Includi n g

ge neral expense :T ransmiss ion line _
T erminal substa ti on _

Taxes, ata te and federal _

Annual Cost

S ta te developmmt
Straight Sinking

line lund
amortiza- amortiza-

tion tio ..
4.5 4.5
2.5 1.05
1.35 1.35

.75 .75
2.60 2.50

P ,'iva te
develop

m ent
7.50

l~ OO- -

.75
2.50
1.75

1. Transmission line:
Interest on $6,000,000 $270,000
Amortization 150.000
D epreciation 81,000
Maintenance a nd operating ex pe nse_ ______ ___ 45.00 0T a x es _

---
Total cost of transmission to substatlons $54 6,00 0

$270 .0 00
63.000
81,000
45,0 00

$45 9,000

$45 0,00 0

6-0~O OO
45,000

105.000

$660 ,000
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$162, 000
90,000
48,500

" 90,000

2. R eceiving substation :
Interest on $3,600,000 _
Amortization _
D epreciation _
Operating expense _
Taxes _

----
Total cost of r ec eivIng substatlon $390,500

3. (a) Total cos t of transmlsslon $936, 500
(b) Total cost of transmiss ion, exclu di ng statetaxes _ _

4. Cos t per kilowatt hour delivered, a $0.000875b _

$162,000
37,800
48, 500
90,000

$338 ,30 0

$784,300

$0~oiiii733

$270, 000

3-6:000
90,000
63,000

$459 ,000

$1,119, 000

989,600
$0.001044

0.000924

From Tables 8 and 9, the total cost to the State under Plan 4,
assuming the wholesaling of power to the existing agencies , may be
summarized as ,follows :

Annual cost
Straight line Sinking f un d.

amortlza- amortiza-
tion lion

of bonds- of bon ds-
~ 0 years ~ 0 y ears

$5,668, 000 $4,652,000

($0.00466 ) ($0.003 82)
936,500 784,300

$5,436,300$6,60 4,500

Capital cos t
1. Dam, reservoir and power planL $70,000,000
2. Cost per kilowatt h our produced-(l,21 i ,-600,000 kilowatt h ou rs) _
3. T r a n s m iss ion Hne and s u bs ta t ion "_____ 9,600,000
4. Totals $79,600,000
5. Total cost per kilowa tt hour deliver ed from

terminal substatlon-( 1,07 0,000, 000 kilo-
watt hours) ($0.00617) ( $0 .00508 )

I n the above table and in Table 9, preceding, the figures under
st raight line amortization represent the maximum costs which occur
during the first year of th e amortization period .



VALUB OF POWER OUTPUT
The value of the power output of Kennett and the rev enue from the

power under Plans 1, 2, 3 and 4 will depend upon the characteristics
of the output and upon the cost of power from other and competitive
sources. Power that is available mainly in spring months or in wet
years is less valuable, r equiring more auxiliary steam-electric power
installation than power which can be depended upon under adverse
conditions of drought. Plate VII, heretofore referred to, sets forth
graphically the estimated annual and monthly variation of power from
Kennett compared with other hydro-electric plants of northern Cali
fornia. This comparison shows that Kennett power under the condi
tions of operation specified has better characteristics than the power
from ' other plants.

There ar e three measures of the value of power, based upon cost of
power from other sources :

1. Cost of power from other hydro-electric plants.
2. Cost of power from steam-electric plants.
3. Wholesale price for power as indicated by existing contracts.
Throughout this analysis comparison will be made on a unit basis of

mills per kilowatt hour. 'Such a basis is only correct where power
characteristics and point of delivery are equivalent. These un its are
better understood, however, and will be used with qualifying state-
ments . .

COST OF POWER FROM OTHER HYDRO-ELECTRIC PLANTS
The potential water power resourc es of California have been inven

toried and summarized by Mr . F . E . Bonner of the Federal Power
Commission, in a report just issued by that commission. Tab le 10,
compiled from Table 9 of the Bonner Report, shows the present
and principal ultimate development of the water power resources of
the State. This shows by main streams the present and estimated ulti
mate installed capacity and output in average kilowatts, and ultimate
output in millions of kilowatt hours. Although these figures are not
directly comparable with estimates of kilowatt hours and plant capaci
ties shown in other portions of this report, they are indicative of the
extent of the present development, the potential development and the
main source of future production of power in California from hydro
electric sources . It is to be noted from the table that 70 per cent of
the potential hydro-electric power of California exists on streams north
of Merced and tributary to northern California, and only 30 per cent
in the territory tributary to southern California. Present development
in the north is only 14 per cent of the total potential and indicates that
for a long period undeveloped resources will exist .

The important streams of northern California are the Klamath; the
P it , McCloud and Sacramento group; the Feather and the American
rivers . The important streams tributary to southern California are
the San J oaquin and Kings. In view of the relative proximity of the
Pit and Feather rivers to the Kennett development, the cost of power

(39)



TABLE 10. Summary of Water· power Resources of California

From Table 9, "Re por t to F ederal Power Commission on the W ater Powers of California," by Frank E . Bonner .::..

Eq;~ting development U ltimate d ev elopment la) Per Per 0

I nstalled Output I nstalled Output o u tllut, cent cent

D ra inage ba sin N o. capacU~, average, No. capacit~, average, mil ions 01 01

WOr{h~I~~f~er____ ______ ______ _________P:~~ts kw. kw. plants kw. kw. 01 kwh. group state

2. Kl amath R iver ' b) ____________________ 4 ---56,200 --2-7~170 - 17 --8-0-8,200 --5-0-8~881 4~4-5-7~8 f5~9

3. Trinity River________________________ 3 2,7 75 800 12 30 3,000 180,925 1,584.9 5.7

4. E el River_____ ____________ __________ , 1 6,800 5,700 2 11,000 8,800 77.1 .3

5. Pit R iver____ _______________________• 4 120 ,500 89,964 11 480,500 316,346 2,771.2 9.9

6. McCloud River___________ ____ _______. ___
- - -37,000 - T 9: 097

4 221 ,500 133,705 1,171.3 4.2

7. Sacramento R iver_________________ ___ 6 9 469,000 257,647 2,257.0 8.1

Totals (5-7, Inclus ive ) _____ _____. 10 157 ,500 109,061 24 1,171,000 707 ,698 6,199.5 22.2 ~
t;:l

8. Deer a nd MlIl creeks______ ____ ______ _ ___
---i2~400 -T3:S63

2 60,000 45,000 394.2 1. 4 Z

9. W est Fork F eather and Butte Creek __. 4 4 22,400 13,863 121.4 .4 Z

10. F eather River_________________ ______. 4 175 ,800 105,023 24 1,065,800 698 ,251 6,116.7 21. 8 t;:l

11. Yuba River (Including B ear Rlver) ___ 9 114 ,3 75 74,200 18 389,6 75 251,707 2,205.0 7.9 >-3

12 . American R iver____ ____________ ______ 3 29,000 14 ,270 22 546,000 317,408 2,780.5 9.9
>-3

13. Mok elumne Rlver____________________ 1 19,400 7,954 6 138,000 94,4 05 827.0 3.0 :>:l

14. Stanisl aus River_________ ____________ 7 73,200 31,393 16 293,700 207,680 1,819.3 6.5 t;:l

15. Tuolumne R iver___ ______ _________ ___. 4 117,600 73,400 8 241,300 160,743 1,408.1 5.0 UJ
t;:l

Totals (1-15, Inclusive) ______ ____ 775,050 462,834 155 5,05 0,075 3,195,361 27,991.5 100.0 70.5
:>:l

50
<:
0

P er cent of ultimate dev elopmenL____ -------- 14 -------- 100 ~

Southern group:
16. Merced River____ ____________ ________ 6 34,150 15,810 12 93,6 50 47, 541 416.4 3.5 0

17. San J oaquin Rl ver___________________ 11 404,300 251 ,142 24 960,100 524,667 4,596.1 39. 0 t;:l

18. K ings R iver______ ___________ ______ __
~ 31,500 13,700 15 609 ,000 407,750 3,571 .9 30.3 <:

19. Kaweah R lver______________________.. 3 6,700 4,727 3 6,700 4,727 41.4 .3
t;:l
t'

20. Tule Rlver__________________________. 2 7, 500 4,205 ' 2 7,500 5,79 1 50.7 .4 0

21.
}Cern Rlver________ ________ _____ _____

4 76,500 52,~g~
9 19 8,500 11 9,952 1,0 50. 8 8.9 ..,

22. Truckee River ( e ) _ ___________ _____ ___ 1 1,650 3 . 7,500 5, 000 43.8 .4 l:::

23. Carson Ri ver ______ __________ ____ ____
- --- -600 --- - 300 1 6,000 4,000 35.0 .3 t;:l

24. Walker Ri ver____ __________________ __ 1 2 15,500 9,400 82.3 .7 Z

25.
Mono Lake____________ ______________

4 25,000 . 8,380 3 24,100 7,58 2 66.4 .5 >-3

26.
B ishop Creek __• _____________________ 5 24,475 13,927 6 27,575 17,124 150.0 1.3

27. Ow ens R iver_____________ ____________ 12 103,32~ 34,246 20 244,860 162,564 1,424.1 12 .1

28. Santa Clara. River___________________. ___
- ---2,000 ---1:162

3 23,000 8,000 70.1 .6

29. San .Ga b r tel River__________ __________ 1 1 2,000 1,1 52 10.1 .1

30.
Santa An a. R iver_____________________ 11 15,47 5 10,062 15 29,67 5 18,46 2 161.7 1.4

31.
Salton Sea______ _________ ___________ .

3 3,030 1,255 5 5,83 0 2,2 95 20.1 .2

32. San Di ego County______ _____________• 2 800 400 2 800 400 3.5 .0

33. Mlscell aneous______________________~_ 1 ' d) 950 350 1 950 350 3.1 .0---
Totals (16-33, Inclusive) _________ 68 73 7,8 50 412,461 127 2,26 3,240 1,346,7 57 11,797.5 100.0 29.5

Per cent of Ultimate developmenL____. ___ -------- 31 -------- 100

Total St at e (1-33, Inclualve) ______ 118 1,512,900 875,295 282 7,313,315 4,542,118 39,789.0 100.0

'a ) Including existing developments. 'e ) Excluding part In Nevada.

'bl Excluding part In Or egon. (c1l Swanton Plant, Sa nta Cruz County.



T.ABLE 11

Pit and Feather River Developments
Feather River developments

Great lVestern Power Company
Present Future

Estimated Cost of Hydro.Electrlc Power from Present and Future
P it River d evelopments

Pacific Gas an d E lectric Com pan y
P r esent Future1. P la n ts Included Pit 1 and 3

Hat Creek 1 a nd 2 Pit 2. 4, 5 and 6 Caribou and L a s Plumas P la nts 1-8b
2. Pla n t capaclty_____ _______________ 176,000 Itva. 30 6,0 00 kva. 133,000 k w, 693 ,76 0 kw.
3. Avera ge annual output____________ 828 m l1llon kwh. 1,583 m l1llon kwh. 870 m illio n kwh. 3,430 m ll1lon kwh.
4. Inves tment cos t $23, 233,000 $40,100,000 $29,300,000 $1 05,704,000
6. Ba st s of com pu ting a nnua l cost: P er cellt ot ca p ita l

Fteturn___________________________________________ ______________________ ___________ ______ ________ ____ _________ __ 7.5Depreclatlon -___________ _______ _______________________________ 0.65

Operating, maintenance and gen eral expense________________ __________ ___________________________ ___ ________ ____ __ 0.75
Taxes:F ed eral .__________________________________________________ .40

State .__________________________________________________ 1.35

Q

>
t'
:;;;
o
:;l
Z
:;:

$11,267, 476
9,83 0,472

$0.00328
$0.00287

$3 ,120,4 50
2,724,900

$0.00369
SO.00314

$4, 270, 650
3,729 ,300

$0.002 70
$0.00 236

$2, 474, 316
2,160,669

$0.00299
$0.00261

T otal . ~ 10.66

6. Total annu al cost:
( a ) Including state tax .
(b ) Exclud ing state tax _

7. Cost per kwh. a verage ou tput:
(a) Inclu ding state tax .
(b) E xcluding state tax _
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f rom the present and future developments on these streams will indicate
fairly closely the cost of power from other hydro-electric sources com
petitive with K ennett . These streams are being developed by the two
major agencies serving norther n California, namely the P acific Gas and
Electric Company and the Great Western P ower Company, and are the
probabl e sources of the main deve lopment during the next ten years
or more.

Table 11 sets forth the estimated cost of power from the present
developments and the estimated cost of power from future develop
ments contemplated on the Pit and Feather rivers by the Pacific Gas
and Electric Company and the Great 'Western Power Company, r espec
tively. The cost of electric power from existing plants is based upon
the actual costs or estimated costs of the projects under present price
levels. The cost for future plants is based on t entative estimates here
tofore prepared by these companies. Th e costs with and without State
taxes are shown for the reasons heretofore set forth .

The cha racteri stics of power from the present P it River development
comp ared wit h K enn et t are shown in P late VII. The locations of the
present developments on P it River are approximately forty 'miles fur
ther f rom the power market than Kennett. This r esults in a diff eren
tial in favor of Kennett of approximately two -tenths mills per kilo
watt hour.

The cha racteristics of the power now being produced by the existing
plants on the Feather River and that which may be produced by future
plants are in general closely comparable with the primary or dry year
output of Kennett development; that is, the minimum output of 990,
400,000 kilowatt hours, per year. This greater dependability has been
made possible by the large cyclic storage of water in ·Lake Almanor at
the upper end of the series of plan ts. .

It is to be noted f rom the ta ble that the estimated cost inc lu ding
taxes for the present Pit development is approximately three mills
per kilowatt hour and for the future development, two and seven
tenths mills, while the cost of power from the Feather River approxi
mates three and six-tenths mill s for present plants and three and three
tenths mills per kilowatt hour for future plants. These plants are 100
miles nearer the main power market than the Pit plants and the char
acteristics of power are better.· If weight be given to these factors
and the value of power measured at the load center near San Fran
cisco Bay, the two sources of power are practically of equal value per
kilowatt hour.

There are oth er poten t ial developments of power, as indicated in
Table 10 on the Kl amath and south of the Feather River . Klamath,
being approximately 90 miles further from the market, is subject
to a differential in favor of Kennett of from four-tenths to five
tenths mills per kilowat t hour . The developments south of Feather
River are in general at least 100 miles nearer the center of the power
market than K ennett and therefore have a differential in their favor
of from five-tenths t o seventy-five hundredths mills per kilowatt hour,
this differential including cost of transmission and shrinkage of kilo 
watt hou rs du e t o transmission losses.

The San Joaqu in Va lley power market depends upon the San J oa
quin and Kings rivers mainly for hydro-electric power. The cost of
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power from these streams is estimated at three to five mills per kilo
watt hour of"average annual output. The distance from Kennett to
the market in the San Joaquin Valley is from 300 to 450 miles. Gen
erally transmission of power in excess of 300 miles has not been justi
fied. The differential for transmission from Kennett would be at least
two mills per kilowatt hour which, deducted from an average cost of
four mills would leave two mills or less per kilowatt hour for power
at Kennett.

The potential power available from the main streams of northern
California which may be economically developed would indicate that
until this is utilized the value of Kennett power measured by compe
tition with other hydro-electric sources would be between two and
seven-tenths and three and three-tenths mills per kilowatt hour. As
the more economical sources are used the value compared with other
hydro-electric sources may tend to increase.



VALUE OF KENNETT POWER DETERMINED FROM COST OF
POWER FROM STEAM-ELECTRIC PLANTS

COST OF STEAM -ELECTRIC POWER.

There has been during the last several years a marked increase in
efficiency of steam-electric production. A still further improvement
in efficiency may be expected. On the basis of 60 per cent plant load
factor with present efficiencies the fu el requirements are 15,000 British
thermal units or less per kilowatt hour produced. It appears from
study of literature on the subject and from present trend of efficiency
that reduction of the requirement to below 14,000 British thermal units
may be expected in the near future and later as low as 12,000 British
thermal units per kilowatt hour.

The question of price of oil is impossible of determination for any
period of time . The present price is $1 per barrel. The price has
fluctuated widely in the pa st. When the present condition of over
production of oil is past, increase in price may be expected. Coal sup 
ply would indicate a limitation in fu el cost , however, to approximately
the equivalent of $1.50 per barrel of oil.

Table 12 sets forth the estimated cost of power from a steam
electric plant operating at 60 per cent load factor to supply a load
necessary to absorb fully the pot ential output of Kennett. The condi
tions of efficiency are those that should be obtained by new plants in
the next few years. Oil has been estimated at $1 per barrel. The cost
of power from recently constructed plants would , on a basis of $1 per
barrel for oil, be two-t enths mills per kilowatt high er. Table 13 sets
forth the estimated cost based on probable further efficiency develop 
ment and price of oil of $1.25 per barrel.

It is to be noted that the cost of stearn-elect ric power is divisible
into two parts; one fixed and amounting to approximately $17 or
$15.50 per kilowatt of capacity, depending upon treatment of taxes,
and on output cost varying with the power produced from two to two
and twenty-three hundredths mills per kilowatt. hour.

EQUIVALENT VALUE OF HYDRO-ELECTRIC POWER.

A determination of the relative value of hydro-electric power by com
pa rison with the cost of steam-electric power requires special care to
insure equivalent bases, owing to market difference in fundamental
characteristics of output and variation in costs between the two sources .
The output of hydro-elect ric plants such as Kennett varies from year
to year, depending upon condi tions of precipitation. Costs are practi
cally fixed and do not vary with output or with price of fuel. Steam
electric power output can be readily adjusted to demands, a consider
able part of the cost varying directly with the output and the price of
fuel. The determination of relative value has been made by load char
acteristics similar to those of northern California and sufficient to
absorb the output of Kennett without wastage. This cost has then
been compared with cost of power from Kennett with necessary auxili
ary steam-electr ic power.

(44)
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7.5%
2.25%

$3.00 per kllowatt year
3 % of cost other than
011 and taxes
$1.0 0 pe r bb l.(e) 011 _

(0 Tax: State :.. 1.35%
Federal . 40

TABLE 12

Estimated Cost of Steam -Electric Power Basis of Probable Efficiency of
Immediate Future

Bas(&
1. Steam-electric power Installation to supply loa d

equivalent to Kennett plus steam -electric
auxiliary :(a ) Annual production 1,275 ,0 00,000 k ilowa t t hours

(b) Capacity for 60% loa d factor, 243,00 0
kilowatts, use . 25 0,000 k ilowa tt capacity

(c) Cost of power plant and connecting
transmission line at $11 0 pe r kilo-watt $27,500,000

2. Estimated efficiency :
1 bbI. of 011 per kilowatt per year plus 1/500

bbl. of 011 per kilowatt hour net output.

3. Annual cost:(a) R eturn on Investment _
( b ) Depreciation _
(c) Operating expenses other -than oIL _(d) General expense _

1.75%

(c) Total costs _

T ota l fixed costs _
(b) Output costs:

011 at $.002 per kilowat t hour _

4. Annual cost:
(a ) Fixed costs :R eturn at 7.5% _

Depreciation at 2.25% _
Ope rating expense at $3 _General expenses _
Standby 011 at $1------------- - - --Taxes at 1.75 % _

$2,062,5 00
618,75 0
750, 00 0
102,940
250 ,000
481,250

$4,265,44 0

2,55 0,000

$6,815;440

(a)
5. Unit costs : Including state tax

Demand or fixed cost per k ilowa tt of capacity $17 .06
Energy cost per kilowatt hour of output ____ .002

6. Average cost per k ilowa t t ho ur -"_____ .00535

( b )
E xcluding state tax

$15 .5 7
.00 2
.00527

The steam-electric plant would be located on San Francisco Bay
and as to relative distance to the market, would be equivalent to the
terminal substation of Kennett transmission.

The cost of steam-electric power based on the estimates in Table
12 have been set up in Tab le 14 (Item "0"). F rom this has been
deducted the annual cost of the auxiliary steam-electric plant r equi red
to supply the load without wastage of power from Kennett in years of
maximum output. The balance (Item E -10) represents the relative
value of Kennett P ower delivered at Antioch. Dedu cting the cost of
t ransmission the relative value of Kennett power at the plant is deter
mined.
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$27,500,000

1.275.000,000 kilowatt hours

250,000 kilowa tt capacity

7.5%
2.25%

$3.00 per kilowatt year
3 % ot cost other than
0 11 and taxes .
$1.2 5 per bbl.

TABL E 13
Es ti mated Cos t of S tea m · Electric Power Basis of P ro ba ble Efficiency F ut ure

B as is

1. Steam-electric power installa tio n to supply load
equivalent t o K ennett plus steam-el ectric
a ux lll a r y :(a) Annual productlon _

(b) Capacity for 60 % loa d factor, 243,000kilowatts, use .
( c ) Cost of power plant and connecting

transmission line at $110 per kilo-watt _

2. Estimated efficiency:
75 bbl. of 011 per kilowatt per year plus 1/ 560

bbl. of 011 per kilowatt hour net output.
3. A nnu al cost :

(a ) R eturn on investmenL _
( b ) Depreci a tl on _
( c ) Ope rating ex penses other tha n oIL _
( d ) General expe nse _

(e ) 011 _
( 0 Tax : Stale 1.35 %

Federal .40

( b)
E x cluding state tax

$15.58
.00223
.00527

1.75 %

Total fix ed costs _
( b ) Ou tput costs :

011 a t $.00223 pe r kilowatt hour _

(c) T otal costs _

4. Annual cost :
(a) Fixed costs :R eturn at 7.5 % _

Depreciatlon at 2.25 % _
Operating expense at $3-----------Gen eral expenses _
Standby 011 at $1.25- _
Taxes at 1.75 % _

$2.062,500
618,75 0
750,000
102,940
234,000
481,250

$4,249,440

2,843 ,325

$7,092,765
(a)

5. Unit costs: I ncluding state tax
Demand or fix ed cost per kilowatt at capacity $17.00
Energy cost per kilowatt hour ot output____ .00223

6. Av erage cost per kilowatt hour_______________ .00556

$968 ,760
410,000

U ,3ti,7ltO

$6.04 6,250
.00 471

$989,600
U,056,660

.003 34

.00356

$1,062,000
410.00ll

$1,47 2.000

$1i.U 8,OOO
.00498

$1,119,000
U ,209,OOO

.00347

.00168

TABLE 14

Compa r ison of Val ue of Kennett Power W ith Steam . Electric Produced Power

A. K ennett dev elopment 220,000 kll owatts-275,OOO kilovolt-amperes .
1. Output of K ennett plant a nnual avera ge 1, 217, 600,000 kwh.
2. Delivery from terminal subs ta tlon 1,070,000,000 kwh.
3. St eam-el ectric a uxlllary plant output r equired to su pply

load that will absorb Kennett ou tp ut w ithout wastage., 205,000,000 kwh.
4. T otal ou tput ba s is of terminal delivery 1,275.000,000 kwh.
5. Sleam-elec tric a ux lllary capacity req uired based on maxi·

mum monthly r equir emen t 80% load factor____________ 62,500 kw.
H. Steam-el ectric pow er eq ui valent.

6. Steam-elec tric plant capacity to supply load on 60% load
fa ctor ba s is 243, 000 kw., use________________________ 250,000 kw.

C. S tea m -elect r ic plant costs. Including tax 1l1xciulUng t=
7. Demand ch arge unit cosL_____________________ $17.00 $16.60
8. Demand cost 260,00 0 kw. $4,260,000 $3,876,000

Energy cost 1,276,OOO,OOO kwh. 2,66 0,000 2,660,000

Tota ls . $ 6,8 00~000 $6,426,000
Per kilowatt ho ur dellvered____________________ .Oullau .00li04

D. Auxlllary steam-electric cost.
9. De ma nd cost 62,600 kw.

Energy cost ..206.000,000 kwb.

Totals • •

E . Value ot hydro-electric power at substation termtnals.
10. Available for hydro-electric power trom t rans-mission ( 8) - ( 9) _

Per kilowatt hour delivered_(l,070,OOO,OOO kwh . )11. Transmission cost _

F. Va lue of hydro-e lectric power at Kennett _
12. Value per kilowatt hour (l,217,600,OOO kwh.)
13. Value pe r kilowatt hour based on future .team

plant etnclency a nd 011 at $1.25 per bbl. _
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Similar comparison has been made of the relative value of P it power
now developed. This computation is shown in Table 15. The difference
of two-tenths mill per kilowatt hour in the unit values between Kennett
and P it is accounted for mainly by the greater transmission distance
to Pit plants.

$3,325,100
.00467

$733,000
$2,5 92,1 00

.00313

.00333

$1,433,400
774, 000

$2,207,400

.00342

$1,512,50 0
774,000

$3,508,500
.00493

$845,000
$2,663,500

.0032 2

TABLE 15
Co mparat ive Value of P it Power W ith Steam. Electric Produced Power

A. Pit d evel opm en t 141,600 k ilowa tts .
1. Output or Pit developments, annual average_____________ 828,000,000 kwh.
2. Delivery trom terminal substation, 14% transmission loss ., 713,0 00, 000 k wh.
3. Steam-el ectric auxiliary plant output r equired to supply loa d

that will absorb Pit output without wastage__________ 387,000,000 kwh.
4. Total output based on terminal dellvery l,100,OOO,OOO kwh.
5. Steam auxiliary capa city r equir ed based on maximum

monthly requirements 80% load tactor__________ ______ 92,500 k w.
B. Steam-electric power equ iva le nt .

6. Steam plant capacity to supply load on 60% load tactor
basis 209,000 kilowatts use________________________ ___ 215,000 kw.

Excluding t=
$15.5 0

$3 ,332,500
2,200,000

$5,532,500
.00505

C. Steam-el ectric plant costs. I ncluding tax
7. Unit demand cost_______________________ ______ $17.00
8. Demand cost • 215,000 kw. $3,655,0 00

Energy cost ..: 1,100,000 ,000 kwh. 2,200,00 0

T otals . $5,855,000
Per kilowatt hour dellvered___ _______________ .00533

D. Auxiliary steam-electric cost.9. Demand 92,500 kw,
Energy 381,000,000 kwh.

Totals . $2,346,50 0

E. Value ot'hydro-electrlc power at substation terminals.
10. Available for hydro-electric power from trans-

mission (8)- (9) _
11 P er kllowatt hour dellvered_(713,OOO,OOO kwh.). 'I'rn.nsrntsston cost _

F. Value at hydro-el ectric power at Pit plants _
12. Value per kilowatt hour (828.000,OOO k w h. )
13 . Value based on tuture steam-electric pla nt effi-

ciency and 011 at $1.25 per bbl. _

Th e value of Kennett power measured at t he power plant, deter
mined f r om comparison with steam-electric power, is bet ween three
and thirty-four hundredths and three and sixty-eight hundredths mills
per kilowatt hour based on the prices of oil considered.



MARKET PRICE OF POWER AS DETERMINED

FROM EXISTING CONTRACTS

There exists at the present t ime in the northern and cent ral parts of

the State, six main contracts coverin g the purchase by utili t ies of the

output of hydro- electric plants const ructed by irrigation districts,

municipalities or other public ut ilities. These cont racts and purchases

involve the following:
1. Merced Irrigation District and San Joaquin Light and Power

Corporation.
2. Turlock Irrigation Distr ict and San J oaquin Light and Power

Corporation.
3. South San Joaquin and Oakdale Irrigation Districts and Pacific

Gas and El ectric Company.
4. City of San Francisco and Pacific Gas and Electric Company.

5. Feather River Power Company and Great Western Power Com

pany of California.
6. California Oregon Power Company and Pacific Gas and Electric

Company.
These contracts, in total , involve the delivery of approximately the

amount of power to be pro duced at the Kennett development.

There are two other cont racts not readily comparable which have

not been included but, in so far as can be ascertained, indicate somewhat

lower prices than th e six contracts considered.
1. Merced Irrigation District an d San Joaquin Light and Power

Corporation.
This contract involves delivery of power at the high tension terminal

of th e power plant on the Merced River. The power is seasonal in

character and the output fluctu at es between wide limits from wet to

dry years. The contract was entered into when costs of construction

and competi tive costs of power were higher than at the present t ime.

The price is four and five-tenths mills per kilowatt hour and delivery

is approximately fifty miles from a point which may be considered

equivalent to Bay district delivery of Kennett power.
2. Turlock Irrigation District and San Joaquin Light and Power

Corporation.
This contract provides for delivery at Livingston or Merced Falls

of the surplus power of the Turlock Irrigation District. Obligation to

purchase is maximum from June to December and reduced during the

months of January to May. The price is four and five-tenths mills per

kilowatt hour. Delivery is practically equivalent in location to Merced.

District delivery.
3. South San Joaquin and Oakdale Irrigation-Districts and Pacific

Gas and Electric Company.
In this case the dam and reservoir were constructed by the Districts,

the power company constructed the power plant and in addition to its

own costs pays to the Districts for a period of forty years an amount

equal to interest and amortization on the Districts' capital. The cost,

including estimated State tax based upon power plant output, is approxi

mately four and two-tenths mills per kilowatt hour. The contract

provides, however, that after the forty-year period the power company
(48) -
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is obligated to pay to the districts only half of the operation and

maintenance of the dam and reservoir and nothing in the way of re turn.

The power is seasona l in character and involves fa ir ly wide fluctuat ions

between wet and dry years. Equivalent transmission distance is

approximately 50 miles.

4. City of San Francisco and P acific Gas and Electric Company.

This contract provides for delivery at Newark substation, which is

comparable with delivery at Antioch, of the output of the Moccasin

Creek plant at. 75 per cent daily load factor. The power sup ply is

dependable from the standpoint of variation fro m wet to dry years,

but the contract provides for cancellation. This contract r epresents

the largest power delivery and the nearest comparable with the delivery

of power from Kennett reservoir to a point such as Antioch. The price

is four and eight hundred seventy-eight thousandths plus mills per

kilowatt hour.

5. F eather River Power Company and Great Western P ower Com

pany of California.

This contract provides for a delivery of 40,000 kilowatts at approxi

mately 60 per cent annual load factor at the high tension terminals of

the power plant t ransformers, a distance of 150 miles fro m the Bay

area. 'I'he price is four mills per kilowatt hour, but the contract pro

vides that at the end of thirty-five years the total power development of

the F eath er River P ower Company will beeome the proper ty of the

Great Western Power Company. 'I'he purchase of property feature in

the contract represents about twenty-five hundredths mills per kilowatt

hour .

6. 'I'he California Oregon Power Company and P acific Gas and Elec

tric Company.
The agreements between these companies call for 30,000 kilowatts

delivery at 70 per cent load factor, measurement at Cottonwood sub

station of the Pacific Gas and Electric Company, but provide that the

pu rchasing company will construct a part of the transmiss ion line

between the California Oregon Power Company plants and Cott onwood

substation. The price for power at 70 per cent load factor or less is

four and five-tenths mills per kilowatt hour. The point of delivery is

comparable generally with delivery at Kennett power plant.

Table 16 sets forth certain statistics with reference to the six

agreements, showing the approximate annual power delivery, the volt

age and point of delivery, the relative characteristics of the power com

pared with Kennett power, the approximate distance to the general

market comparable with the 200 miles transmission from Kennett to

Antioch, the equiva lent delivery, the price covered by the contract, th is

price equated to delivery equivalent to Antioch for Kennett power, and

to delivery at Kennett. In the determination of the differential

between the various prices act ually paid for power and the equivalent

price at Antioch and Kennett, transmission costs and losses have been

estimated as proportional to relat ive transmission distance from the

power mar ket.



TABLE 16
Comparison of Contract Prices for Power Purchased from Hydro-electric Power Plant Developments

t:)l

aesuUlIlt 0

Approxtmate amount of pOWer purehlled Cost of prices
EQulnlent DeUvery Approxim ate Price per tlQulnlent eomparable

deU..n' from Power dh tanoe Contract kwh. mill . dellftl'Y from to Kennett
Kw. Xwh. lran. mh slon Voltac e Characteri stic . to general perJod--,.ean (at deU,en' transm1ssloD, delivery at

Company peak lImually at market (nominal) Point C. l market, mUes pOint) milia power plant.. kwh. per kwh. mill. per kwh.
annual1J delIYered deU,ered

I . Merced Irrlcallon DI.trlct Season al
and B.n Joaquin Li cht 80% load factor
and Power Corporatton... lO ,toO 120,0 00,000 118 ,500,000 00,000 Power Plant 40 ";'-\30" 50 20 4.5 4.9 3.39

annual nrt.Uon
2. Turlock Irrlcallon District (.) :-:

and Ban Joaquin Llcbt Merced Fall. t':l
and Power Corporation.. 2,000 and Annual Z

to 8,500t 40,Ooe,ooo 18 ,500,000 80,000 Llmc. ton (t) 50 15 4. 5 4.9 3.39 Z
3. Bouth San Joaquin and t':l

O akdale Irrtp. SeIBOnal
..,

Uon d lalrl cla and P aclftc load factor not
..,

O u an d EIec:trIo Com· d ete rmined :.l
P&I17 CO) _ _________

25,000 100,000,000 91 ,000,000 80 ,000 Power Pl ant 82 "-130 % 50 40 4.2 4.8 3.13 12annual variatio n t':l
4. City of B.n Francisco and (. ) :.l

Paclft o Oil and Electric 15 % load factor Subject --:
Company .. _ .. . _ ____ 15 ,000 415 ,000,080 415,000,000 110 , 000 !\ ewark Sub. practically no to 4.818 4.818 3.31 0

5. F eath er Rh er Power Com- annual variaUon cancellat ion ;;
pUlJ and Oreat We.tem (t)

0Power Company ot Call · Ann ual t"l
tornla (e) . ... u . .. . . . . . . __ 40,0 00 20S ,80 0, OOI 181,500, 000 22 0,000 Power Plant 63% load factor 150 35 4.00 5.19 3.84 <:

I. Callt omla-Orelon Power U) t':l
Company and Paclfto Near Delta Ann ual t"
Oat and El ectri c Com· mealured at 10r. load fac tor 0

"Cpal11 (4) ---- ----- - - 30,000 180,000.000 158,500,000 110 ,000 Cottonwood m 2 00 25 4.5 8.11 4.50 to'

Totalt ____•___ 2 04,50 0 \' 123,000,00 0 1,013,000,000 4.98 Col
;;

3. 45 Z
Annual ..,

70% load ractor
1. Kennett Development __ 220,0 00 1.211,800,000 1,010,000 ,000 220.0 00 Power Plant 81.5% - 108 .2 "

annu.1 nrlaUa 200

.la) Seasonal Indleates maln1J' IDr1n~ and lummer DOwer.
" 40 % - 130 % Innull "Irlltl on" indi cate. variatio n In annUli output wet end dry yean.
(tl Indicate. better tha n Kennotl.
(J) Indlcates eQUal to Kennetl.
(.) Le ss valulble than Kennet t.

(b) P aclftc Gal and Elect ric Company eonetrueted and owns power plant. 4.2 mUls = estimated cost, Includlne tanl - amortiz ation of db trlct Inveltm ent . eolt ot
3mortlzaUo n approIlmateb' 0.2 mUll per kwh.

(e) Price covers amurtlzatlon of tnveltm ent tn plant In 35 years. Thll eQuals approdmately 0.24 mills per kwh.
(4) Major part ot lranaml8110n capital already Inveated 10 that eolt delivered not II Ireat II 6.11 mUll.
(e» Computed on b..11 of ettmlnlttnl amortization reterred to in (b) and (e) and % tran.mbdon COlt ot (4) .
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The purchase price for power from the California-Oregon Power
Company is high, considered both from a standpoint of cost of hydro
electric power and in comparison with other contracts. At the time the
contract was entered in to, the P acific Gas and Electric Company had
excess transmission capacity from Cottonwood substation to Vaca
Dixon substation . It would st ill have thi s excess in lines from Vaca
Dixon to An ti och when completed for delivery of power to Antioch.
F or a par t of the period of the contract, therefore, the added trans
mission cost of thi s power would be relatively small. This condition
could not be applied to Kennett power, which in itself would require
two transmission circui ts. The Pacific Gas and Electric Company,
however, could, by coord inating its transmission lines with those from
Kennett, obtain some advanta ge over condi tions under separate
operation.

The purchases f rom the City of San Francisco, F eather River Power
Company, the Califo rn ia-Oregon P ower Company and the Turlock
Irrigat ion District ar e equal to or slightly better than Kennett in
quality of power. The total purchases under the contracts are prac
tically equivalent in amount and in quality of power to Kennett power.
With the adjustments for plant purchase in rates under certain con
t racts and for t ransmission capacity available in the case of the Cali
fornia-Oregon Power Company, the resultant value at Kennett is three
and forty-five hundredths mills per kilowatt hour, and at Antioch four
and ninety-six hundredths mills per kilowatt hour.

The above anal ysis indicates that from the st andpoint of comparison
with existing contracts for power. the value of electric power from
Kennett under condit ions of limi ted flood, salinity and irrigation opera
t ion would be three and forty-five hundredths mills per kilowatt hour
at the power plant.



CONCLUSIONS RELATIVE TO VALUE OF KENNETT POWER
OUTPUT

The value of Kennett electric power based up on the operation of the
reservoir for limited flood and salinity control and irrigation, would
appear fr om the foregoing to be approximately as follows:
Kennett deliv ery: Mills per kilowatt hour

1, Based on other hydro-electric develop-
ments 2.7 to 3.3

2. Based on steam-electric costs as estimated 3.3,( to 3.68
3. Based on existing contracts____________ 3.45

Prom the present indications as to future economic conditions, the
revenue that may be obtained from the sale of the electric power
output of Kennett at the plant may not be expected to exceed $4,250,
000 and at the terminal transmission nea r the Bay distr ict not to
exceed $5,300,000 per annum. Changes in economic conditions in the
future may tend to increase or reduce these values.

RELATION OF REVENUE FROM POWER TO ANNUAL COST
OF KENNETT DEVELOPMENT

Comparison of annual costs, as set forth in Table 8, with the
estimated maximum revenue from power $4,250,000 per annum, indi
cates that this power revenue can be expected to meet State costs,
excluding amortization, with a margin of safety of approximately 8.5
per cent, or $332,000. The annual cost under P lan 3, incl uding 40-year
sinking fund amortization, will exceed the power revenue, as estimated,
by $402,000. Under Plan 2, withsink ing fund amortizat ion of State
bonds and exclusion of State taxes, the annual cost will exceed the
revenue, as estimated, by $735,000.

VALUE OF ELECTRIC POWER OUTPUT UNDER FULL CONTROL OF
KENNETT RESERVOIR FOR IRRIGATION.

As heretofore referred to, ana lysis of the conditions under control for
irrigation indicates that in the extreme the average annual output of
the Kennett development will be red uced to about 770,000,000 kilowatt
hours, varying from a minimum of 350,000,000 kilowatt hours, provided
a minimum head on the power plant of 200 feet can be maintained, to
somewhat over 1,000,000,000 kilowatt hours. The proportion of depend
able power would be so reduced and the secondary power subjected to
such wide fluctuation that the economic value of the composite output
under present eeonomie conditions would not exceed $2,000,000 per
annum.

. OTHER SOURCES OF REVENUE REQUIRED.

Power can Dot be expected, even under State finan cing, to carry much
more than interest, depreciation and operating expenses of the Ken
nett development. Other sources of revenue such as State or Federal
aid, sale of wate r for ir rigation and payments by other beneficiaries
will be required to cover amortization requirements under State finan c
ing . Greater aid would be required to carry the total cost in case of
private development.

(52)



PLAN 3a

TRANSMISSION OF POWER BY PRIVATE COMPANIES AS
COMMON CARRIERS

Pl an 3a suggests that the State sell power at Kennett to individual
muni cipalities or private resale companies and that the private com
pan ies pu rchasing the larger portion of the output be required under
their contracts to t ransmit power as common car riers from Kennett
for these municipaliti es and private companies.

The service to municipali ties and private companies distributing
elect ri c energy requires extensive secondary t ransmission and sub
stati on systems in addi tion to th e main trunk transmission lines con
sidered her ein ; also steam-elect ric standby plants to insure against
shor tage of power in years of low precipitation and interruptions. The
power requirement s of such companies are at much lower load factors
(between 30 and 45 per cent) than the estimated load factor of the
Kennett output (70 per cent). If power were to be purchased for
such service at Kennett the price per kilowatt hour, owing to the lower
use per kilowatt of demand , would have to be materially highe r than
the average costs or values referred to under Plans 1, 2 and 3 herein.
For the sam e reason transmission costs per kilowatt hour would be
higher than th e average. The costs or values per kilowatt hour here
tofore referred to ar e not, t herefore, indicative of what the charges
would be for such deliveries at Kennett or of the total cost of the energy
delivered to the individual municipaliti es. The rates now in effect for
wholesale power on the systems of th e exist ing agencies are low com
pared with the cost of power production and transmission on these
systems. The cost of hydro- electric power from the present utilities
is equal to or less than th e price th at could be paid wholesale for
Kenn ett power. The Sta te, therefore , would not receive any greater
net return from such a plan than could be obtained under Plan 3.
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PLAN 5

STATE DISTRIBUTION OF ELEOTRIO POWER FROM KENNETT

Plan 5 contemplates State ownership of th e power development,
transmission lines, steam-elect ric st andby plants and the necessary
distribution system required to distribute the clectr ic energy to the
general puhlic. Thi s plan is a materi al departure fr om Plans 1 to 4,
inclusive, and will require the investment of at least twice the capital.

It is important in considering Plan 5 that a clear perspective be had
of the present and future condit ions of service.

PRESENT DEVELOPMENT.

The past fifteen to twenty years of elect r ic power development in the
State have witn essed increasing consolidation of the electri c utilities.
Much of thi s has come about because of the possible economies from
coordination and consolidation of the exist ing systems. This condition
has developed to a gr eater extent in California than in many other
states.

The market tributary to Kennett development is at pre sent served by
two main agencies supplying directly to the ultimate consumers 72 and
22 per cent, respectively, of the total load. . At the time Kennett power
would be available th e entire market would be served by the existing
agencies whose cost of power as far as production and transmission to
the center of th e market arc concerned, is equal to or less than th e cost
that may be incurred by th e State in th e development of Kennett and
no greate r than the price the private utilities could pay for Kennett
output in total. Plate VIII , "Electric Power Production and Sales
by Companies in Californ ia, 1927," sets forth graphically the division
of the market as indicated by production and sales by companies and
political subdivisions for the nor thern and south ern groups of the
State for the year 1927. The relative extent of service by the various
agencies in th e nor thern part of the State is to be noted.

Plate IX, "Monthly Variation of Maximum Demand and Average
Load for Typical Electric Power Systems in California, 1927," sets
forth graphically some of the typical characteristics of the power
demands of urban and rural territory. The upper right-hand chart
indicates in percentage of th e annual maximum requirement the varia
t ion in demand and energy requirements by months for two typical
urban districts. The average use is approximately 45 to 50 per cent
of the maximum demand and use is least in summer and greatest in
winter . The lower lef t-hand chart gives characteristics of power for
typical agricultural districts with their wide variation in demand and
energy r equirements, th e maximum occurring generally in July, little
requirement coming in winter. The lower right-hand chart indicates
the wide variations between, urban and rural power requirements .
Compared with these characte rist ics for urban and rural power require
ments is the upper left-hand chart giving similar characteristics of
two of the most exte nsive elect r ic systems of the State. This type of
load is available to a development such as Kennett if its power were
wholesaled to the existing agencies. Any one of the separate classes
of service or districts could not supply a market which would readily
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PLATE VIII.

SOUTHERN CALIFORNIA EOISON Co.

LOSSES AND UNACCOUNTED r OR

AND UNACCO UNTED ro R

ALAMEDA, CAUfORNIA TELEPHONE Br.
UGHT CO, PALO ALTO, LOOI, VALLEJO
ELECTRIC UGHT " POW~R CO., SANTA
CLARA, REOOING, ROSEVILLE, NAPA
VAllEY ElECTRIC CO., UTICA MININGco.
UKIAH, SNOW MOUNTAIN WATER 8<
POWER CO., HEALDSBURG, GRIDLEY
AND BIGGS

lIfORNIA OREGON P?WER CO.
OAST COUNTIES GAS &.ELECTRIC CO.

MClflC GAS 5: ELECTRIC CO. AND
SUBSIDIARY CO MPANIES

GREAT WESTERN POWER CO. Of CALIf .

CITY OF LOS ANGElES
ITY OFPASADENA

GLENOALE.RIVERSIOE. BURBANK
ANAHEIM.COLTON,AZUSA, BANNING,
LOMPOC AND TEHACHAPI

_ LOS ANGELES GAS tI ELECTR IC CORP.
SOUTHERN SIERRAS powtR CO.
SAN DIEGO CONSOLIDATED GAS II.
ELECTRIC co.

.IMODEST O- T URLOCK IRRIGATION
" IDISTRICTSR SA N JOAQUIN LIGHT tI POWER CORP.

IPOO

4POO

2,000

3.000

GREAT WESTERN POWER CO. Of' CALII'.

SOUTHERN CALIFORNIA EOIsON CO.

Ma fiC GAS" ELECTR IC co. AN0
SUBSIDIARY COMPANIES

CITY OF LOS ANGELE S

ITY OF PASADENA
LOS ANGEllES GAS tI ELECTRIC CORP.

SOUTH ERN SIERRAS POWER CO.

SAN DIEGO CONSOUOATED GAS II.
LECTRIC co.

CITY Of SAN f'RANCISC O

NORTHERN GROUP
PRODUC~ON SALES

AT POWERPLA::N:..:T~S ., TOULTl;;.MAT::.r..:;E..:Ce:,0;;.;NS:.;U;;;M..:E,;;.R .,

COAST COUNTIES GAS • ELECTRIC CO.
UTICA MINING CO.

NOW MOUNTAIN W.m:R 8< POWER CO.
AUfORNIA ORE'GON POWER CO.

0 L....l:=~ ......J

SOUTHERN GRO UP
PRODUCTION SALE S
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PLAT E IX.
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PL ATE X .

NORTHERN GROUP

~ TOj AL LIGHTI N~
... Res idential and commercial light ing
• Municipall. street and other lighting

Other light ing

TOTAL PO~ER (exclusive of lighting)
Commercial a d industrial po.... r... Other po...er... Rail...~'y power.. I

Agricultural pe...er
Municipalipower

TOTAL SALES

0 1,000 2P00 3,000 4fJ00 5,000 6,000

SOUTHERN GROUP

ITOTAL L1G H!I NG I
Resident ia l and commercial Ii&hting

• Municipal,Istreet and othe; lighting
Other lighting

TOTAL POWER (exclusive of lighting )
Commercial and Industrial power-- Agricullura' powJ... Mupicipal power

~ Railw~y power
Other po,,!"r

TOTAL SALES

0 1.000 2j)()0 3,000 41>00 5,000 6,000

ENTIRE STATE

TOTAL ILlGHTlNG I,
Res ident ia l and commerci al lighting.. Munlcipa!. str oet and 9ther lightin g

Orher lighting

TOTAL POWER
Commercial and industrial' power (e.clusive or lighting)

Agricullural power
R . I

= ,all way power
lOther power

MiniciPal poweri

TOTAL1SALES

0 1,0 0 0 2P00 3,00 0 4.000 5,000 6,000

Electric sales in millions of kilowatt hours

CLASSIFICATION OF ELECTRIC SALES
IN CALIFORNIA

1927
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absorb Kennett output. If power were retailed, the State must obtain
a load having eharacteristics similar to tho se indicated in P late IX for
th e Pacific Gas and Electric Company, otherwise its cost of serv ice
would tend to be higher than the cost on the existing two main agencies
serving the territory.

Plate X , "Classification of Electric Sales in California, 1927, " sets
forth the relative amount of energy used for lighting and for power in
the northern and southern districts of the State and in the entire State.
The percentage of lighting requirements in the urban districts is much
great er than in the rural districts. It is the combination' of a balanced
proportion of the lighting and power service that makes possible the
relatively high load factor in effect on the large systems.
BASIS OF PRESENT RATES.

The electric rates in California at present in effect are fixed to return
to the utilities after all reasonable operating costs and allowances for
depreciation are made an amount representing from 7 to 7.5 per cent
upo n the reasonable cost of used an d useful property. The retur n
res ulting is availab le for the payment of fixed charges such as bon d
interest and dividends on stock, The return also covers compensa t ion
for any hazard in the business in the way of heavy losses, general
depreciation of busin ess, etc . Uniform rates for the several classes of
service have been fixed over th e larger systems and at present the rates
are practically th e same over the entire northern portion of the st ate,
except resid en tial and commerc ial lighting rates. Rates for these la tter
services are lower in the cities than in rural di stricts. The rates in
general have been fixed, however , to give the developing an d rural
districts (especially agricultural service) the major portion of the
advantage of th e diver sity of load characteristics between rural and
city service. Thi s basis of rates has materially assisted in the develop
ment of rural and agricultural districts, and of the State as a whole.
It has been made possibl e only through ownership and operation by a
few agenci es of th e product ion, transmission and, especially , distribu
tion sys tems serving both di stricts. It has , however, resulted in some
wha t higher earnings on local investm ent in congested and deve loped
districts than on the average.
VARIATION IN COST OF ELECTRICITY.

P late XI, "Graphic Presentation of Source of Cost of Electricity,"
has been included to give a general visua lization of the rela tive cost of
elect r ic energy at diffe rent points on the power system. This plate is
based up on an ana lys is of the costs in 1923 on one of the largest systems
in Califo rnia. The average costs per kilowat t hour are shown at differ
ent points on the production and transmission systems and for deliver
ies to different classes of service. Although the costs in dicated are not
directly applicable to the conditions in nor th ern California in 1928,
they are sufficiently close to present costs to be used for qualitat ive
analysis.

The average cost of 0.374 cent per kilowatt hour from hydro-electr ic
plants is close to that existing on the main systems of northern Cali 
fornia at the present time. Many of the hydro-electric plants are closer
to the market than the Pit River or Kennett development, and this cost
represents practically th e equivalent va lue to Kennett power when
weight is given to the difference in location relative to the market .
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In this plate, the steam-electric standby service has been assumed to be
delivered after secondary transmission and just prior to delivery to the
distribution substati on. The figure of 0.752 cent per kilowatt hour,
eost at intake of substat ion, is th erefor e not camp arable to the value
of approximately five mills per kilowatt hour heretofore set forth for
delivery at th e terminal of th e main transmission line near Antioch.
The larger figure is du e to the cost of extensive secondary transmission
systems. The average of 0.836 cent per kilowatt hour represents the
avera ge cost of th e combined hydro- electric and steam-electric power
delivered from the seeonda ry transmission or distribution substat ions.
Beyond thi s point, the avera ge costs ar e shown for wholesale power
delivery to large indu stri es, and resale to private and municipal com
panies and retail delivery to general power consumers and to th e
resid ential and commercial lighting consumers.

Study of th e rates fixed by the Railroad Commission for the various
classes of servic e indicat es that the resultant average revenues from the
several clas ses of services agree fairly closely with the average costs as
indicated in Plate XI.

PROBLEMS INVOLVED IN PLAN 5.

Table 14, heretofore referred tu, indicat es that complete utiliza
tion of th e Kennett output would require th e development, measured
at main transmission terminals, of a load of 1,275,000,000 kilowatt
hours annually, or 26 per cent of the total estimated load for the entire
tributary market in 1936.

From consideration of the character istics of the power requirements
of urban and rural territory, it is apparent that to distribute the output
of the plant readily and economically will require a market to be
developed having a balan ced percentage of both urban and rural
service.

There are only two means of developing a market for the output of
the plant under this plan :

1. Competition with and duplication of existing systems.
2. Condemnation of sufficient of th e existing agencies ' systems, either

directly by th e State or by political subdivisions to make such a market
avai lable.

COMPETITION WITH AND DUPLICATION OF EXISTING SYSTEMS.

Competition would involve duplication of fac ilities, both in rural and
urban districts, over a considerable portion of the entire northern part
of th e State in ord er to obtain a balanced market. Separately, neither
rural nor urban districts would furnish a market that could readily
absorb the output. On the basis of a divi sion of the load in the com
petitive field equally between exist ing agencies and the State, the com
petition would have to be extended over nearly half of the market.

The pro cedure of obtaining a market by competition with a dup lica
tion of existing syst ems with its economic losses, is so far from
being economically sound that it should not be given any further
consideration. .

CONDEMNATION OF EXISTING SYSTEMS.

Service of power load ind ependently of existing agencies by con
demnation or duplication of parts of th eir systems will require a greater
expenditure for production and transmission capital than in the case
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of the wholesaling of power as heretofore estimated. Kennett develop
ment, being located some 200 miles from the general market, would
require additional transmission circuits and primary substations
if operated independently of the existing systems and steam-elect ric
standby capacity somewhat in excess of that indicated for com
parative purposes in Table 14. In addition, secondary transmission
lines and distribution systems would be required. Analysis of costs
under Plans 1, 2, 3 and 4 has been based upon operating the plant
as a part of a large coordinated system under which conditions the
minimum of transmission capital would be required. The approximat e
capital investment for production, trunk transmission and steam
electric standby to serve the entire output of the plant, as estimated
in Table 14, would have to be increased to at least the following :
K ennett r es er voir a nd plan L $70,00 0, 000
Main transmission line to t erminal substations, three clrcults__________ _ 10,000, 000Substations 5,000,000
Steam-electric plant capacity for standby, 100 ,00 0 k llowa tts _____________ 11,000,000

Total $96,000,000

This does not includ e any amount for secondary transmission and
distribution. 'I'he cost of secondary transmission and distributing
systems necessary to market the load will depend upon what port ions
of the ter ritory the State would choose to serve; the pri ce tha t would
have to be paid for the existing systems for both tangible pr oper ties a nd
intangible values and severance damages ; and the length of time
required to purchase the systems.

Delays in obtaining a market could be expected, for condemnation
proceedings at the best are slow. There is, therefore, a probability that
the necessary distribution syst ems serving a sufficient market would not
be available upon th e completion of Kennett development. It is also
doubtful whether certain districts would favor State ownership and
operation as against local operation or a continuation of private ser\rice
under regulation. A considerable development period, therefore, could
be expected.

There are no criteria for estimating the prices that would have to
be paid for secondary transmission and distribution systems and busi
ness of the exist ing utilities. Some indication of the cost may be
obtained, however, from analysis of the cost of the physical property
of existing systems. Study of the valuation of these properties in di
cates that the cost of secondary transmission and distribution syst()ms
in urban districts averages approximately $90 per thousand kilowatt
hours of annual output of main substations. For rural syst ()ms
it averages from $50 to $60, and for the combination as represented by
the larger ul t ilit ies, approximately $65 per thousand kilowatt hours
per annum of main substation output. On the basis of an average of
$65 per th ousand kilowatt hours annual delivery, capital expenditure
for the physical plant required for distribution of Kennett PO\Ver
would be between $80,000,000 and $85,000,000. This, added to the cost
of Kennett development, including trun k t ransmission lines and steam
auxiliary plant, would make a total of approximately $180,000,000. To
this would have to be added payments for going concern value and sev
erance damages.

It is readily apparent that if the State were to go as far into t he
ownership and operation of distribution systems as would be necessary



WA'I' ER RESOURCES m' CALIFORN IA 61

to load a developm ent such as Kennett, it would have to meet the grow
ing demands of th e territory being served. 'I'his would require con
t inual outlay of capital for added power plants, transmission lines and
di stribu tion systems.

Th e minimum initi al bond issu e un der Plan 5 would have to be not
less than $200,000,000.

Disposition of power by wholesaling to municipalities for resale in
urban districts and by State dist r ibution in rural ter r itory would not
benefit the sta te as a producer of power beyond that under plans 3 or 4.
Pow er sold to munipicali tics would have t o be at rates equal to or less
than private u tility rates to mect th e compet it ive market. This, as has
been indicated in discussin g Plan 3a, would result in no benefits over
plans 3 or 4. Distribution of power in rural districts would add no
extra return to the State, for this service is rendered at the present
time at rates justified only by the combination of distribution in both
urban and rural districts.

POSSIBLE ECONOMIES UNDER PLAN 5.

Th c present utility rates are based on th e utility as a whole making
a reasonable return aft er operating exp enses. No added economy in
operating expenses could be expecte d under State ownership and opera
tion over private ownership, and, at least during th e transition period
until adequate Sta te machin ery had been perfected for taking over and
operating such a large utili ty, th ere would be a t end ency for even
higher operating costs . Taxes which migh t be eliminated in the case
of State ownership woul d represent no actual saving to the State except
possibly as a temporary condition in the cas e of federal tax, as the
income to th e State from taxes would be reduced by an amount equiva
lent to th e redu ction in operating costs of the electr ic system resulting
from eliminat ion of taxes. 'I'he source of possible economy under State
ownership is represented in th e differ ence between the rate allowed the
private compan ies fo r return and depreciation annuity and the com
parable cost to the State. 'I'h e cost to the State must include not only
the actual payment for in ter est and deprecia tion annuity but also the
cost of contingencies and hazards, which is covered in the return
allowed the private companies, Th ese hazards and contingencies may
be classified as heavy losses due to earthquakes, floods, extensive fail
ures of st ructures, th e general obsolescence of the service as a whole
and periods of economic depression.

'I'he cost of these hazards is not subject to any exact determination.
Rates of r eturn allowed private companies are in some cases as much
as 1 per cent above th e th eoretical cost of money. Many of the steam
and electric railroads have experienced an obsolescence of service that
has made impossible an earning much in excess of the operating
expenses of the properties. This same condition might occur in the
case of power systems. Th e return over theoretical cost and obsoles
cence of service of oth er utilities can be considered only as indicative
of th e possible extent of hazards.

The apparent differ cntial, as indicated by the comparison of rate of
return, on the one hand and rate of interest , on the other is consider
ably in excess of the net differential. Differences in depreciation rates
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will red uce th e diffe rential approximately 0.6 pCI' cent. It i doubtful
whether thc net diffe re ntial in rate would equal 1.5 pCI' cent per annum
as applied to thc problem herein con. idcred.

Th c differential in the casc of comp lete tat e di tribution of power
from Kenn et t development would be largely offset by th e fixed charges
on the extra cost over the ratc ba e for private utilitie which would
probably be incurred in conn ect ion with developm ent of a market and
the payment for severance damaue, an d intangibles.

If di. t ribution in urba n dist riet: were not handled by the State but
confined to r ural dis triets, thc d ifferen tial would be applicable to
. eeondary t.ransmisr ion :1Ilc1 rural di. t ribu tion capital. In this case
lit tl e or no saving would be actua lly available on account of the rela
tive ly low present rates in effect in rural d i trict .

It is doubtful if P lan 5 would assist . ufficiently in car rying K enn ett
development to j ust ify the added capital expend iture and service
obligation that would be requ ir ed of the State.
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L I ST O F P OW E R PLANTS IN CALIFORNIA, 1927. DELINEATED ON PLATE I

a"01lp Sy st em

Nor th er n

N orthern

N orth er n

N orthern I

N orthern

Northern

Nor t h er n

No r the rn

Northern

Northern II- a

I n elex
(JO lll P alI Y allel pl allt Classifie a t i oll num ber

CA L IFORNIA OREGON POWER CO.
Fall Creek Hydro- el ectric 1
Copco No.1 Hydro-el ectric 2
Co pco No. 2 Hydro-el ectric 3
Shas ta River Hydro -el ectric 4
H eadlight Hydr o-el ectr-ic 5

PACIFIC GAS AND ELECTRIC CO.
AND I TS SUBSIDIAHY CO;\IPANIES

Pit N o. 1 ~ Hydr o- el ectric C
Pit N o. 3 H yd r o-el ectric 7
Hat Creek N o. 1 H ydro- el ectr ic 8
Hat C r eek No. 2 H yd r o-el ec tric 9
Em'eka Steam-electric 10
J u nc ti on City H ydro-el ectric 11
Kilnrc H ydro-el ectric 12
Cow C re ek Hydro-el ectric 13
Volta Hydro- el ect.rIc 14
Co leman Hydro-electr ic 15
Insklp . . Hydro-el ectric 16
South . Hydro-el ectric 17
D e Sabia Hydro-el ectric 18
Centervt tle .. Hydro- electric 19
Li m e Saddle Hydro- el ectric 20
Coal Canyon • Hydro-el ectric 21
Bullards Bar Hydro- el ectric 22
Colgate Hydr o- el ectric 23
Spaulding No.1 and No.2 Hydro-el ectric 24
D eer Creek Hydro-electric 25
Drum Hydro- el ectric 26
A lta Hydro-electric 27
H alsey H yd ro-el ectric 28
' Vis e .:. Hydro- el ectric 29
E l Dorado Hydro-el ectric 30
American River Hydro-el ec tric 31
Folsom H ydro-electric 32
Sac ra m ento, Station " B " Steam-electric 33
E lectra Hydro-el ectric 34
Spring Gap Hydro- el ectric 35
Stanislaus Hydro-electric 36
P hoenix Hydro-electric 37
Mel ones Hydro-electric 38
Stockton Steam-electric 39
North Beach Steam-el ectric 40
San Franoisco. Station "A" Steam-electric 41
Oaklan d, Station "C" Steam-electric 42
Montere y Steam-electric 43

CI T Y OF SAN FRANCISCOCherry Creek Hydro-electric 44
:\l occa s ln C r eek Hydro- electric 45

SNOW M OU N T AIN W A T ER AND
POWER CO.Potte r V a ll ey Hydro-electric 46

UTICA MINI N G CO.Mu r ph y Hydro-electr Ic 47
A ngel s Hydro-electr ic 48

COAST CO UNTIES GAS AND ELEC-
TRIC CO.

Bi g C r eek ( Swanton ) Hydro-eleetrI c 49
San ta Cruz Steam-electric 50

S OUTH SAN J OA QUI N AND OAKDALE
IRRIGATION DISTRICTSMel ones M ine . Hydro-electr-Ic 51

W EST SIDE L UMB E R CO.Tuolum ne Steam-elect ric 52

TRUCKEE RIVER P OWER CO .Farad H yd r o- el ec t r ic 53

GREAT W E STERN P OWER C0. (,~
CALIFORNI ACar ibou Hydro-e lectric 64

Buck s Cree k H ydro-el ec t r ic 55
L a s P lu mas H ydro-el ec t ric 5G
N orth Beach Steam -e lectric 57
Phel a n Steam -e lectric 58
Bush Steam-el ec t r ic 59
Oaklan d Steam-electric 60
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Gro up Sllstem
Sou th ern II-b

So u the r n II-b

Southern II-b

Sou the r n II-b

Souther n III

Southern III

Southern III

Sou thern IV

Sou th ern IV

KENNETT RESE RVOIR DE\-ET,oPME NT

Indez
Companll an d p lan t ClaBslftca Uon num ber

SAN JOAQUIN LIGHT AND POW E R
CORPORATION

Klttrldge Hydro-el ectric 61
Mountain King H ydr o-electri c 6~

Merced Falls Hydro-el ec tric 63
Crane Va lley Hydro-electric 64
San J oa qu in No . 1 Hydro -electric 65
Sa n J oa qu in No. I-A Hydro-elec tric 66
Sa n J oa qu in No. 2 Hydro-electric 67
Sa n J oaquin N o. 3 H ydro-el ectric 68
K erck hot'l H ydro-el ectric 69
Balch Hydro- electric 70
Tule R iver H yd ro-el ectric 71
Ker n Ca nyon H ydro-electric 72
Bakersfi eld __.: Steam-el ectric 73
Midwa y Steam-el ectric 74
B et tera v la Steam-el ectric 75

MERCED IRRIGATION DISTRICTExch equer Hydro-el ectric 76

TURLOCK AND MODESTO IRRIGATION
DISTRICTSDon P edro Hydro-el ectric 77

La Grange Hydro- el ectric 78
Modesto Steam -e lect r ic 79

UNITED STATES NATIONAL PARK
SERVICE

Yosem it e Par k Hydro-el ectric 80

SOUTHERN CALIFORNIA .E DI SON CO.Big Creek No. 1 H ydro-electric 81
Big Creek No . 2 H ydro-electric 82
Big Creek N o. 2-A Hydro -electr ic 83
Big Creek No . 3 H ydro- el ec tric 84
Big Creek No. 8 Hydro-electric 85
K a weah No. 1 H ydro-el ec tric 86
K awea h No. 2 Hydro-electric 87
Kaweah No. 3 Hydr o-electric 88
Visalia :. Steam-el ectr ic 89
Tule R iver Hydro-electr ic 90
K ern R iver No . 3 Hydro-ele ct r ic 91
Borel Hydr o-e lectric 92
Kern R iver No .1 H ydro-electric 93
Azusa Hydro-elect ric 94
Sierra H ydro-electric 95
Lytle Creek Hydro-e lect r ic 96
Fontana Hydro-electri c 97
Sa nta A na No. 1 H yd ro-electric 98
Santa Ana No . 2 Hydro-elect ri c 99
Sa nta Ana No. 3 Hydro-elect ric 100
Mill Creek No. 1 H ydro-electric 101
Mill Creek No. 2-3 H ydro-el ectric 102
R ed on do Steam -electr ic 103
L ong Beach Steam -elect r ic 104
San Antoni o Creek No . 1 H ydro-el ectric 105
San A nton io Creek No. 2 H yd ro-el ectric 106
San An ton io Creek N o. 3 H ydro-el ectric 107

CITY OF LOS ANGELES
Big P in e No. 3 'H yd ro-e lect r ic 108
Di visi on Creek No. 1 Hydro-el ectric 109
Di vision Creek No . 2 Hydro-el ectric 110
Cottonwood No.1 Hydro-electric 111
H alwee :. Hydro-el ectric 112
San Franclsqulto No. 1 Hydro-electric 113
San Franclsqulto No. 2 Hydro-el ec tric 114
San F ernando '- Hydro-electric 115
River Power Hydro-electric 116
Franklin Canyon Hydro-electrIc 117

CITY OF PASADENAP asaden a St eam-electric 118

LOS ANGELES GAS AND ELECTRIC
CORPORATIONAl amed a Street Steam-electric 119

Seal Beach Steam-electric 120

SOUTHERN SIERRAS POWER CO.Mill Creek Hydro-electric 121
Pool e (Leev lnl ng Creek No.1) Hydro-electric 122
Leevln lng Cr eek No. 3 H ydro-electric 123
R ush Creek H yd ro-elect ri c 124
Adams a uxiliar y Hydro-el ectric 125
Adam s main Hydro-electric 126
BIshop Creek No. 2 Hydro-electric 127
BlshOil Creek No. 3 HYdro-eleotrlc 128



Group SJ/stem
Southern IV

So uthern IV

Southern IV

Southern IV

WATER RESOUR CES OF CALIFORN IA

CompanJ/ and plant Classllleation
SOUT H E R N SI E R RAS POWER CO.-Contlnued.

Bishop Creek No. 4 Hydro-electric
Bishop Creep No. 5 Hydro-electric
Bishop Creak No. 6 Hydro-el ectric
San Bernardino Steam-electric
San Gorgonlo No. 1 Hydro-el ectric
San Go rgonlo No. 2 Hydro-electric
Blythe Gas-electric
E I Centro Steam-electric

SA N D I E GO CONSOLIDATED GAS AND
EJg~~~~lgA<;;O~ Steam-electric

Station "B" Steam-el ectric

ESCONDIDO MUTUAL WATER CO.R incon Hydro-el ectric
Bear VaHey Hydro-el ectric

UNITED STATES RECLAMATION
SERVICEYuma Hydro-electric

G5

l ndell:
number

129
130
131
132
133
134
135
136

137
138

139
140

141

LIST OF SUBSTATIONS. DELINEATED ON PLATE I

Group SJ/stem
Northern I

Northern II-a

Southern II-b

Southern III

l ndell:
Company and substation l etters

PACIFIC GAS AND ELECTRIC CO .Vaca-Dlxon A
Contra Costa B
N ewark C

GREAT WESTERN P OWER CO. OF
CALIFORNIAAntioch D

Golden Gate . _____ E
Brighton ~______ ____________________ F

SAN JOAQUIN LIGHT AND POWER
CORPORATIONWilson G

SOUTHERN CALIFORNIA EDISON CO .Vestal II
Eagle Rock I
Laguna BeH J
L ighthipe I(

o
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Bulletin No.
Bulletin No.
Bulletin No.
Bulletin No.
Bulletin No.

*Bulletin No.
Bulletin No.
Bulletin No.
Bulletin No.
Bulletin No.

PUBLICATIONS OF THE DEPARTMENT OF PUBLIC WORKS
DIVISION OF ENGINEERING AND IRRIGATION

Bulletin No. I-California Irrigation District Laws, 1921 (Obsolete).
*Bulletin No. - 2-Formation of Irrigation Districts, Issuance o.f Bonds by Irrigation

Districts, Expenditure of Construction Funds, etc.
3-Water Resources of Tulare County and Their Utilization, 1922.
4-Water Resources of California.
5-Flow in California Streams.
'6- I r r iga tion Requirements -of California Lands.
7-California Irrigation District Laws, 192'3 (Obsolete).
8-Cost of Water to Irrigators in California.
9-Supplemental Report on Water Resources of California.

10-CaliforT!ia Irrigation District Laws, 192'5 (Obsolete).
II-Ground Water Resources of the Southern Sa n Joaquin Valley.
12-Summary Report on the Water Resour ces of California and a

Coordinated plan for Their Development.
Bulletin No. I3-The Development of the Upper Sacramento River.
Bulletin No. 14-The Control of Floo.ds by Reservoirs.
Bulletin No. 18---JCalifornia Irrigation District Laws, 1927.
Bulletin No. 19-5anta Ana Investigation, Flood Control and Conservation.
Bulletin No. 20-Kennett Reservoir Development.
Biennial Report of the Division of Engineering and Irrigation, 1'920-1922 .
Biennial Report of the Division of Engineering and Irrigation, 1922-1924.
Biennial Report of the Division of Engineering and Irrigation, 1924-1926.

Note: Bulletins Nos. 4, 5, 6, 9, 11, 12, 13 and 14 of The Division of Engineering
and Irrigation cover the investigations of The Water Resources of California.

PUBLICATIONS OF THE STATE DEPARTMENT OF ENGINEERING

*Bulletin No. I-Progress Report of Cooperative Irrigation Investigations in Cali
fornia, 1912-1914.

*Bulletin No.2-Irrigation Districts in California, 1887-1915 (j ).
Bulletin No.3-Investigations of the Economic Duty of Water for Alfalfa in Sacra

mento Valley, California, 1915.
*Bulletin No.4-Preliminary Report on Conservation and Control of Flood Water in

Coachella Valley, California, 1917 (II).
*Bulletin No. '5- R epor t on the Utilization of Mojave River for Irrigation in Victor

- 'Va ll ey , California, 1918 (v).
Bulletin No. 6~California Irrigation District Laws, 1919 (Obsolete).
Bulletin No.7-Use of Water from Kings River, California, 1918.

*Bulletin No.8-Flood Problems of the Calaveras River, 1919.
Bulletin No.9-Water Resources of ' the Kern River and Adjacent Streams and

Their Utilization, 1920.
*First Biennial Report, 1907-1908, Department of Engineering.
*Second Biennial Report, 1'908-1910, Department of Engineering.
*Third Biennial Report, 1910-1912, Department of Engineering.
*Fourth Biennial Report, 1912-1914, Department of Engineering.
*Fifth Biennial Report, 1914-1916, Department of Engineering.
*Sixth Biennial Report, 191'6-1918, Department of Engineering.
*Seventh Biennial Report, 1918-19'20, Department of Engineering.

COOPERATIVE AND MISCELLANEOUS REPORTS.

*Report of the Conservation Commlsston of the State of California to the Governor
. and Legislature of California, l!912.

*Irrigation Resources of California and Their Utilization (Bul, ,254, Office Exp. Sta.,
U. S. D. A.) 1913.

*Report-State Water Problems Conference, November 25, 1916.
*Report on Pit River Basin, April, 191,5.
*Report on Lower Pit River Project, July, 1915.
*Report on Iron Canyon Project, 1914.
*Report on Iron Canyon Project, California, May, 1920.

(t) Reprinted in 5th Biennial Report. (Out of print.)
(II) Reprinted in 5th Biennial Report. (Out of print.)
(v) Reprinted in ,6t h Biennial Report. (Out of print.)

*Reports and Bulletins out of print, may be borrowed by your local library from
the California State Ldbrary at Sacramento, California.
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